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PREFACE. 



This work is intended chiefly for the use of 
Students of Medicine during their attendance upon 
lectures; it is believed that it will also be found of 
service to the practitioner. 

The volume may be regarded as a full set of notes 
of the author's course of lectures in the* Jefferson 
Medical College. 

The immense extent of the subjects comprised 
under the general head of Chemistry and Physics, 
together with the limited time which the student is 
able to devote to them, rendered a careful selection 
of topics necessary. In doing this, it has been the 
author's aim to discuss thoroughly general principles 
and their application to medicine, leaving more mi- 
nute details to be gathered at leisure from the larger 
text-books. The consideration of purely theoretical 
points, of disputed facts, or of applications of chemis- 
try not directly connected with medicine, has been, as 
a general rule, omitted. Chemical affinity, symbols, 
and nomenclature have been particularly dwelt upon, 
as they constitute the points of most difficulty to the 
beginner, while, if they are not clearly understood. 

no satisfactory progress can be expected. Convinced 
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IV TREFACE. 

that familiarity with the use of chemical symbols 
is of the utmost importance, and that it is readily 
acquired, the author has employed them profusely, 
preferring in many cases to write the symbol of an 
element or compound in preference to its name. The 
older notation, nomenclature, and equivalents have 
been retained as best adapted for elementary instruc- 
tion. 

Believing in the necessity of a rigid adherence to 
the U. S. Pharmacopoeia, not only as regards the for- 
mulae, but also the titles of preparations, the officinal 
names have been always used ; as often as possible 
the Latin title has been given, and the formulae writ- 
ten in prescription style as a useful exercise for the 
student. 

It would have been an easier task to have pro- 
duced a larger volume ; much time and thought have 
been expended in the selection and condensation of 
subjects, and it is hoped that the labour thus be- 
stowed will be found to lessen that of the overworked 
student. 

As all the apparatus described is exhibited in oper- 
ation during the course of lectures, it has not been 
thought necessary to use many illustrative cuts. 

1015 Summer Street, Philadelphia. 
3d August, 1866. 



PREFACE 

TO THE SECOND EDITION. 

In preparing a new edition, the text has been subjected 
to a thorough revision ; an Index has been added, as well 
as a chapter on the Clinical Examination of the Urine. 

Further experience has confirmed the author in his 
belief in the advantage of the older theoretical ideas, in 
elementary teaching, over the complex, constantly chang- 
ing and conflicting views of the advocates of the so-called 
unitary system. As the theory adopted, either in Chemistry 
or Physics, does not and cannot alter a single fact, the 
teacher has certainly the right to choose that which is the 
most simple, if it be in accordance with the great mass of 
the facts discussed. In the opinion of the author, the theo- 
retical views adopted in this volume are far more so than 
those set forth in the recent works professing to represent 
the unitary theories, in which undeniable facts are often 
ignored because incompatible with the theory. 

As regards nomenclature, it is suggested that the coinage 
of new words for chemical compounds, in order that their 
names may accord with certain theoretical views, which 
are themselves constantly changing, must result iu a most 
unfortunate multiplication of synonymes. It is very doubt- 
ful, for instance, whether the well-established systematic 
names sulphuric acid, sulphurous acid, and carbonic acid, 
will be displaced by hydric sulphate, sulphur dioxide, and 
carbon dioxide. In any event, in a work on Medical 
Chemistry, it is believed that the nomenclature of the U.S. 
Pharmacopoeia should be followed, as has been done in the 
present volume. 

Discoveries and "new remedies," the truth or value of 
which are still unsettled, have not as a rule been introduced. 

January, 1871. v 



TO THE STUDENT. 



The numbers in parentheses refer to the paragraph to 
be consulted. 

When the Latin title of a preparation is given, the 
officinal U. S. P. compound is always referred to. 

The following are the principal signs and abbreviations 
used in prescriptions, and also employed in many of the 
pharmaceutical formulae in this work. 

^^ Recipe — Take; §, troyounce ; fg, fluidounce; f3, 
fluidrachm ; ni , minim; gt, guUa, gtt, guttaSj drop or drops ; 
gr, granximy grana^ grain or grains : 0, ociarius, a pint ; 
M, miHce^ mix; ft, fiaty fiant, let there be made; chart., 
chartula or chartulx, a packet or packets; aa, of each ; t. d., 
ter die, thrice daily ; q. s., quantum sufficiai, as much may 
be sufficient. The Roman numerals, ss one-half, j one, v 
five, X ten, 1 fifty, c one hundred, are usually employed 
in prescriptions, being placed after the sign. The scruple 
9, drachm 3, pound lb, and gallon, Cong., are not used in 
the TJ. S. Pharmacopoeia. 

A table of weights and measures, American, English, 
and French ; general rules in regard to incompatibles and 
antidotes ; a series of reactions for practice ; a list of the 
more important minerals, and a glossary of terms and 
synonyms, will be found in the Appendix. 

▼i 
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MEDICAL CHEMISTRY. 



INTEODUCTION. 

1. Chemistry investigates the reaction of the particles 

of matter. Reaction is mutual or reciprocal action, and is 

due to force. Action and reaction are equal and opposite. 

In common language we frequently overlook the reaction, and 
speak of action alone. Thus, vinegar spilled on a polished mar- 
ble table is said to corrode or damage it, but the vinegar is at 
the same time neutralised and spoiled for use. 

2. Particles are the exceedingly minute portions of mat- 
ter which go to make up a mass. They may be atoms 
(Gr. a, not, and temno, I cut), which are the ultimate por- 
tions of an elementary body ; or molecules (Lat. molecula, 
a particle), the ultimate portions of a compound body. 
Molecules are composed of two or more atoms. 

3. Matter is anything that can be grasped in the hand or 
weighed. It may be elementary or compound. All sub- 
stances known to us are composed of sixty-four bodies, 
which, having not as yet been decomposed, are termed ele- 
ments. Like the letters of the alphabet, which, variously 
combined, give us thousands of words, these elements, in 
various forms and grades of combination, make up the 
apparently infinite variety of forms of matter. 

4. Matter is Indestnictible. — What we term destruction 
is merely a new combination of elements. Solid bodies 
sometimes become gaseous when burned, and thus, being 

invisible, are supposed to be destroyed. Experiment shows 

(16) 
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this not to be true. When a piece of gun-cotton is burned 

in a counterpoised exhausted globe, it disappears, but the 

weight of the globe and its now gaseous contents is 

unchanged. 

Wood, when burned, gives off carbonic acid and water, wliich 
pass into the atmosphere ; the water falls to the earth, and may 
be absorbed by some growing vegetable, to assist in forming 
again wood. The carbonic acid consists of tie elements carbon 
and oxygen. When absorbed by plants, it is, under certain cir- 
cumstances, decomposed, the oxygen given out and the carbon 
assimilated going to form new wood. Hence itw^ould be possible 
to burn the same combustible twice or more. 

5. Matter is incapable of Spontaneous Change. — All 

change is due to force. This property is called inertia. 
The inertia of a body depends upon the number of its 
particles or its mass. Time is required to communicate 
motion to all these particles, or to abstract it from them; 
hence all change in matter is gradual. 

6. Weight is due to the action of gravitation upon a 
body, and depends also on the mass. The same mass has 
not always the same weight, as the force of gravitation 
varies in different localities. Practically, however, the 
terms may be used as synonymous. 

7. Force is anything capable of causing change in matter. 
Of its nature we are utterly ignorant. Although mani- 
festing itself in the various phenomena of gravitation, 

light, heat, electricity, magnetism, cohesion, adhesion, 
chemical affinity, and vital force, there can be little doubt 
that it is in all these essentially the same agent. 

8. Force acts to produce either Attraction or Repulsion.— - 

The particles of matter are not in actual contact j the spaces 
between them are called physical pores, and although ex- 
ceedingly minute, are believed to be much ^ri^^'ater in pro- 
portion than the particles themselves. 

Newton calculated that if there were no pores, the earth and 
its inhabitants could.be comprised within the space of a cubic 
inch. What are usually known as pores, as in the sponge. 
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pumice-Btone, etc., are not true physical pores, but rather canals 
or tubes traversing the body ; they are distinguished as sensible 
pores. 

The force of attraction tends to bring together the par- 
ticles of matter, and, were there no antagonistic agencies, 
would do so ; the force of repulsion tends to separate these 
particles. The phenomena of expansion, of contraction, 
and of change of state are all due to the preponderance 
of one or the other of these agencies. The gi*eat agent of 
repulsion is heat. We have also electrical and magnetic 
repulsions. This part of the subject will be more fully 
considered hereafter. 

GlassificatioiL — The manifestations of force are conve- 
niently classified as: (1) The physical forces, (which act 
at sensible distances,) Gravitation, Light, Heat, Electricity 
and Magnetism, and, (2) The molecular forces, (which act 
only at insensible distances,) Cohesion, Adhesion, and 
Chemical Affinity. 

2* 



PART I. 

PHYSIOS. 



QEAVITATIOK 

9. Is but little connected with Chemistry. The law of 
gravitation is that every particle of matter attracts every 
other particle in the direct ratio of its mass, and the inverse 
ratio of the square of the distance. 

10. Terrestrial Gravitation — Is the action of the 
mass of the earth upon bodies on or near its surface. It 
may be considered as proceeding from its centre (nearly). 
It is greater at the poles than at the equator, and is less 
when a body is carried above or below the surface of the 
earth. 

Thus, a mass of iron weighing 1000 lbs. at the equator, would 
weigh 1005 at the poles; 500 lbs. at 2000 miles below the surface 
of the earth, or at 1650 miles above it.* 

The action of bodies on the earth's surface is reciprocal, and 
the earth rises to meet a^falling body, but the mass of the former 
is so immense compared with any body which has ever been 
known to fall through our atmosphere, that the effect is imper- 
ceptible. 

11. Specific Gravity. — By the term density we mean 
the relation of the mass of a body to its volume, or the 
number of particles in a given space. By specific gravity 
we mean the relative weights of equal volumes of different 
bodies, assumed to be at the same temperature and press- 
ure. The term density is often used to express specific 
gravity. 

* SiLLiMAN, PrineipUt of Phytict, 2d ed., p. 67. 
(18) 
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A quart of oxygen, at ordinary pr^sure and temperature, if 
forced into the space of a pint, would have its density doubled. 
The specific gravity of oxygen — compared with air as unity — is, 
when taken at a fixed temperature and pressure, 1*106; that is, 
that if a certain bulk of air weigh 1000 grains, an equal bulk of 
oxygen will weigh 1106 grains. 

In order to compare the weights of equal volumes of 
diflferent bodies, arbitrary standards are assumed. For 
solids and liquids, water at 60^ F. is chosen as unity; and 
for gases, air at ordinary atmospheric pressure (30 in. 
barometer), and 60^ F. is assumed as 1000. 

Solids and liquids do not perceptibly alter in bulk bv ordinary 
change of atmospheric pressure. All matter varies m bulk by 
change of temperature, hence the necessity of carefully bringing 
the bodies to a fixed degree by trial or calculation. 

12. The specific gravity of a solid is determined on the 
principle that a body immersed in a liquid, displaces a 
volume equal to its own. Hence by a known hydrostatic 
law the immersed body loses weight equal to that of an 
equal bulk of the liquid. In practice, a solid is first weighed 
in air, and then in water, and the loss noted. The weight 
in air divided by the loss of weight in water gives the spe- 
cific gravity. Or the solid may be put into a vessel with 
a spout and brimful of water. The quantity which runs 
out is weighed, and the weight of the body divided by it. 

Thus, a piece of iron weighed in air 460 grains, in water 401*16 
grains, 460 -401' 16=58*84 grains; the loss in water, 460-7-58 84 
=7*8, equal the S.G. of the iron. 

13. When the solid is soluble in water, its specific grav- 
ity is taken in reference to some other liquid. The quan- 
tity thus obtained, multiplied by the S. G. of the liquid, 
gives the S. G. of the solid. 

Thus, a piece of sugar weighed in air 400 grains, it lost in oil 
of turpentine 217*5 grains, 400 ^217*5 = 1*84. The S.G. of the 
turpentine is *87, 1*84 X '87 = 1*6, equal the S. G. of the sugar. 

14. When the solid is lighter than water, it is weighed 

and attached to a body (the weight of which in air and 
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water is known) sufficient to sink it. This compound 
mass or system is weighed in air, and its loss in water de- 
termined. The loss of the heavy body being known, that 
of the light body is easily determined by subtraction, and 
the S. G. obtained as before. 

Thus, a piece of wood weighed in air 200 grains; attached to a 
bit of copper the system weighed 2247 grains in air, and 1620 
grains in water, losing 627 grains. The copper alone loses in 
water 230 grains, 627 — 230 = 397, equal the loss of the wood 
alone, 200 -r- 397 = -504, the S.G. of the wood. 

15. When the solid is in powder, it is introduced into a 
counterpoised bottle full of water, the weight of the water 
being known (specific gravity bottle [16]). Were no water 
displaced, the weight of the bottle would be increased by 
that of the powder, but as a bulk of water equal to that 
of the powder overflows, the new weight is less than the 
sum by the weight of that water ; which quantity, divided 
into the weight of the powder, gives the S. G. 

Thus, the bottle holds 1000 grains of water; 150 grains of sand 
being introduced, the total weight, instead of being 1150 grains, 
is but 1096 grains; hence 54 grains of water have been displaced, 
150 -f- 54=2-764, S.G. of the sand. 

16. The speciflo gravity of a liquid may be ascertained 
by the bottle, the hydrometer, or by displacement. The 
specific gravity bottle is made to hold 100 or 1000 grains 
of distilled water, and is furnished with a counterpoise. 
The weight in grains of the liquid introduced into the 
counterpoised bottle gives its S. G. A common light flask 
may be used by noting its weight when empty, when filled 
with water to a mark made on the neck by a file, and when 
filled to the same point with the liquid to be tested. The 
weight of the latter, divided by that of the water, gives 
its S. G. 

17. Hydrometers have a graduated stem, counterpoised 
below so as to make it float u pright. As the instrument 
sinks deeper in a liquid lighter than water, and less in a 
heavier liquid, it may be graduated to indicate S. G. 
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Usually several hydrometers are employed for liquids lighter 
or heavier than vrater, so as to avoid the inconvenience of a long 
stem, and to have the divisions of the scale larger. The gradua- 
tion may be arbitrary, as in Beaum^'s; may indicate percentage 
by weight or volume in a mixture, as in Tralles' or Richter's, for 
spirits; may test for comparative purity, as in the lactometers ; or 
may be graduated to the true specific gravity, as in urinometers. 
The instruments for specific gravity made by Dr. Wilson H. Pile, 
of Philadelphia, leave nothing to be desired in point of conven- 
ience and accuracy. Those with Beaum6'8 scale have also the 
corresponding S. G. marked upon them. In using a hydrometer, 
it should never }^' dropped into a liquid, as the weight of that 
adhering v^rhen it rises above the surface will render its indica- 
tions faultv. 

18. By Displacement. — Weigh a solid in air, in water, 
and in the liquid to be tested ; note the loss in each ease. 
The loss being the weight of an equal bulk of the two 
liquids, by dividing the loss in the latter by that in the 
water, we get the S. G. 

Thus, a glass rod loses in water 171 grains, in alcohol 143 
grains, 143^ 171 = '836=8. G. of the alcohol. 

19. The Specific Gravity of Gases is determined by ad- 
mitting the gas into an exhausted counterpoised globe, 
capable of containing a known weight of air, and compar- 
ing the two. 



LIGHT. 

The subject of light is but little connected with ele- 
mentary chemistry. A knowledge of its most important 
laws, however, is indispensable to a correct understanding 
of the physiology of vision, and an intelligent use of the 
various optical instruments used by the physician. 

20. Sources and Velocity of Light— The sources of 

light are the sun, fixed stars, incandescence, phosphores- 
cence, and electricity. The velocity of light varies with 
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the medium, being less as that is more dense. In air it is 
estimated at 190,000 miles per second. — (Foucault.) 

21. Nature of Light - Theories. — 1. The corpuscular 

supposes that luminous corpuscles are thrown off from 
luminous bodies, each particle producing in its flight in 
the surrounding ether undulations similar to those pro- 
duced by a stone falling into water. 2. The undulatory 
theory supposes light to consist of vibrations of an ethe- 
real medium of extreme tenuity, without the onward pro- 
gress of any substance whatever. The latter theory is 
now generally accepted, but the language of the former is 
still retained in explaining the simpler phenomena of the 
reflection and refraction of light. 

22. Definitions. — A ray is a single (imaginary) line 
of light. A beam is a collection of parallel rays, as from 
the sun. A pencil is a collection of divergent or conver- 
gent rays, as the light from a candle, or the sun^s rays 
brought to a focus by a burning-glass. Luminous bodies 
are those from which light proceeds. Transparent or dia- 
phanous permit light to pass through them, so that bodies 
on the other side are visible. Translucent bodies permit 
a portion of light to pass in an irregular manner, so that 
bodies on the other side are indistinctly seen; such are 
porcelain, oiled paper, and horn. Opaque bodies cut off 
the rays of light ; when in very thin leaves, they may be- 
come translucent. The intensity of light is inversely as 
the square of the distance. Thus, if two lights, one at a 
distance twice as great as the other, cast equal shadows, 
then the more distant light is four times as intense as the 

other. Instruments for measuring the relative intensity 
of light from different sources are called photometers. 

Properties of Light. — A ray of light falling upon a sur- 
face may be j-eflected, transmitted, or absorbed, 

23. 1. Reflection.— When a surface reflects regularly, it 
becomes invisible, and an image of an object placed in 



front of it is seen ; if it reflects irregulftrly, the surface is 
Tisible, and the image is more or less lost. Thus, a bright 
looking-glass reflects regularly ; covered with dust or 
grease, irregularly. We see bodies then only by this irreg- 
ular reflection, 

(a) When a ray of light falla upon a plane surface, 
such as an ordinary mirror, it is reflected at au angle 
equal to that at which it fell. The law, as ordinarily ex- 
pressed, is that "the angles of incidence and of reflection 
are equal, and are in the same 
plane with the normal." 

Thus, in llie figure, I A nnd R A 
form equal angles with N A, the nor- 
mal or perpendicular ; they are more- 
over alf in the eame plane. 

(6) Carved surfaces are considered as being made up of 
an infinite number of pla96 surfaces, and the efiects of such 
are easily deduced from simple geometric laws. The fol- 
lowing are some of the general facts; — Concave mirrors 
cause rays of light falling upon them to converge (approach 
each other) ; cone ex mirrors render these rays divergent ; 
parallel rays falling upon a concave mirror are brought to 
a point midway between the centre of curvature and the 
surface, called the principal focus; conversely a luminous 
body, at the principal focus has its pencil converted into a 
beam. The image seen in a concave mirror is erect and 
larger than the object when the latter is near the mirror 
(nearer than the principal focus); when more distant, it is 
inverted and smaller. The image seen in a convex mirror 
is always erect and smaller than the object. 

These remarks are true only within certain limits. The flulijeet 
of the aberration of spherical mirrors, the effect of cylindrical 
and other forms, need not be dlscnsseJ in an elementary work. 

24. Applications. — The speculum is a tube with a 
polished interior surface, intended for the exploration of 
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the natural canals, as the nostril, the meatus audilorms, 
the vagina, and the rectum ; the tube distends or keeps 
open the natural canal, while the polished interior reflects 
light withiD. Plane miirora are used for obtaining images 
of parts out of the direct view, as in the laryngoscope and 
endoscope, by means of which the condition of the larynx 
or urethra may be thoroughly studied and applications 
made directly to it. Concave mirrors are used to concen- 
trate light, as in the ophthalmoscope, where the light is 
thrown through the pupil ; or in the use of the laryngo- 
scope, where light is thrown into the fauces by means of a 
concave mirror fastened to the forehead of the operator, or 
placed in some other convenient position, while the oi^an 
itself is reflected in a plane mirror. 

25. Transmission. — Light falling upon a transparent 
medium passes through it ; practically, a portion is re- 
flected, and this amount increases with the angle of inci- 
dence. When it falls perpendicularly, the ray passes 
through without change ; when obliquely, it is refracted or 
bent. In passing from a rarer to a denser medium, the 
refraction is towards the normal, and vice versa. The 
relation between the angles formed by the incident and 
refracted ray with Ihe normal, which expresses the refract- 
ing power of the body, is termed the index of refraction. 
p^g. 3, Thus in Fi^. 2 we have, A B D 

I Hie angle of incidence, X Y the 
surface uf the medium (water 
fur instance), B G the refracted 
ray, D B E the normal ; T) g is 
the sine (ormenBurc)of theangle 
of incidenee, and O/of the angle 
ofrefraclion,GBE. ^=indei 
of refraction, which, for water 
is al>uut J, or 1'33. Hence, as 
the eye always sees an ohject in the direction in which the ray 
of light enters it. ohjects viewed obliquely in water (or other 
media) are not seen in their true position. In denser media 
they seem nearer the surface, as in an oar in water. This 



cdn lie understood by tlie ac- Pig. 3, 

eumpiinjing figure. The rny 

proceeding from the coin C, at 

the tHittom of a dtah of vater, 

passing into tlie rarer medium, 

air is refracted from the normal 

und takes tlie direction A D ; 

the eje at D traces the rny back 

ill the direction of thedoiti-d line, 

und Keea ti.e coin at K nearer 

the surface. 

26. Prisnw, Lenses. — When a ray of light passes through 
a triaagular prism, it is re- Tig. i. 

fractcd towni-d tlie normal 
on entering, and from the 
normal on leaving. 

Thus in Fig. 4theineidfnt 
ray 1 K Is refracted in the di- 
rection R E iin entering the 
?risin, and E F on learinv it. 
he effect of two prisms ba^e to base, or edge to edge, is seen in 
Fig. 5. 

Fig. 5. 



Lenses are of various forms, the most important of which 
are the doubly convex and doubly concave. 

The action of Iciipcs is easily understood by considering 
them as made np of pi'isms arranged as in Fig. 5. 

Raya of light, falling upon a convex lens, will be con- 
verged. Parallel raya, falling upon a doubly convex lens, 
are brought to a point called the principal focus, which 
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coiacides witb the centre of curvature; Fig. 6. X con- 
care leas causias the rays to diverge ; Fig. T. 
Fig. «. 



Images formed by Lenses. Each point of the oiiject may 

be considered as giving off a pencil of rays, which are re- 
fracted to a focus ; the assemblage of these foci gives the 
image of the body. 

When the object is beyond the principal focus of a 
convex lens, the image will be on the other side real and 
iiiiierted; Fig. 8. Its size will depend upon the relative 



distances of the object, the lens, and the screen. The 
■u-arer the object to the lens, and the more distant the 
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Bcreen, the lai^r the image. Whea the object is nearer 
the lens than the principal focus, the image will be virtual 
(that is, it caoDot be ttirowQ upon a screen) on the same 
side as the object, and larger; the lens then constitates a 
magnifying-^lass. The image formed hj a concave lens 
is virtual and smaller than the object. 

Thus, in Fig. 9 the ra.js of light fmm the various points of the 
Bniftll arrow, a b, are p. ^ 

refracted in passins 
through the doubly 01 
vex lens, the eye traces 
them backirarda, and 
the image formed i 
the retina ia the ean 
as that of the object i 
creased in its dime 
nioiiB to A B, and viewed 
by the unasBiated eje. 

21. Tha Eye contains a series of lenses which cause the 
image of objects to be thrown inverted upoD the retina. 
As we see bodies in the direction in which the ray comes, 
this does not interfere with vision. 

When the eye is too convex, the image is formed in front 
of the retina, and near-sightedness results. It is palliated 
by the use of concave spectacles, which cause the rays of 
light to diverge before entering the pupil. When the eye 
is not sufficiently convex, the rays do not come to a focus 
upon the retina, but would form an image behind it; con- 
vex lenses are used in these cases Sometimes the eye is 
flattened vertically or at the sides, when objects are dis- 
torted, being elongated or rendered broader, as the case 
may be ; eome eyes are unable to distinguish the upright 
lines of a brick wall ; others, those which are borizontaL 
(Astygmatism.) Similar effects are often seen in looking 
through a window of common (cylinder) glass. In these 
cases cylindrical lenses are to be employed. 

The first or second defect is often combined with the .third. 
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Care should be taten, in selecting lenses to remedy defects of 
Tision, that the eye is not still further injured hj the use of spec- 
tacles of improper curve. Lensea with the cylindrical and con- 
cave or coovei surface combined are made by Mr. Zentmeyer of 
this city. 

28, AbeiratioilS. — Simple lenses are subject to spherical 
Fig. ]0. ftiid chromatic aberrations. The 

former produces indistinctness 
of form, the latter gives fringes 
of colour to the image. ' The 
causes and remedies of these 
will not be discussed here. 

29. Microscopes. — The sim- 
plest form of microscope is the 
doubly convex lens, the object 
being placed within the princi- 
pal focus (30). Sometimes the 
lens is mounted on a stand, with 
a stage to hold the object, and 
a concave mirror below to con- 
centrate the light upon trans- 
parent bodies, or a convex lens 
above to illuminate those which 
are opaque. 

The compound microscope con- 
sists of two sets of lenses, by the 
first of which (the object-glass) 
a real inverted image of the olv 
ject is made, which is received 
at the focus of the second set of 
lenses (the eye-piece), and again 
magnified. The principle is seen in Fig. 10. When the 
arrow, s r, placed before the lens, a b, but without its prin- 
cipal focus, forms a real enlarged image, B S, which being 
again magnified by the eye lena, C D, the eye traces the 



rays back in the direction C R' and D S', giving the greatly 
enlarged image R' S' In practice, the instrument is made 
more complex, to avoid aberrations. 

30. Analysis of LightjSpectnun. — If a beam of light, 
B, Fig. 11, be admitted into a dark room, through a cir- 
cular opening, it will form a Fig. ii. 
white spot upon the wall. 
the triangular prism, P, be in- i 
terposed, the beam will be twice I 
bent (28) ; but instead of forming I 
only a circular spot upon the I 
wall, it will be elongated, forming what is termed the 
prismatic xpeclrum. The colours beginning at the top 
are violet, indigo, blue, green, ycliow, orange, and red. 
By means of a lens or a second prism these may be re-com- ' 
bined, forming white light. These colours cannot be fur- 
ther decomposed; they are therefore termed primary. 
The violet, being the most deflected from the course of the 
beam, is the most refrangible, and the red the least so. 
The greatest illuminating power is in the yellow; the 
greatest heating power in and beyond the red, and the 
greatest chemical power in and beyond the violel. The 
lengths of the waves of the different colours, and their 
number of vibrations per second, have been calculated. 
The number of vibrations of the extreme violet is 
727,000,000,000,000, and their length jgijn of an inch ; the 
extreme red vibrates 458,000,000,000,000 times per second, 
and the vibretions are 37335 of an inch in length. This 
subject will be further discussed under the head of Chemi- 
cal Apfinitt, and Decomposition. 

Contplfmentarg Colours. Any two colours which by fheir 
union would produce white liglit are said to be compUmeniary. 
If we take frirni the soliir spectrum any colour whatever, we may 
unite all the remaining colours bj means of a lens or prism, anii 
the renultinK tint will be complementarj (o the one removed. 
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being just what is wanted to make white light. The following 
are examples: red, green; violet, yellow ; blue, orange. Com- 
plementary colours brighten each other by contrast. 

31. Absorption of Light — When light is reflected or 
transmitted, a portion is absorbed by the surface or 
medium. When all the rays are absorbed by a surface, it 
is black, or more properly invisible ; when all are irregu- 
larly reflected, it is white, or if regularly reflected, invisible 
(23). If a portion be absorbed, the colour will be due to 
those rays reflected or transmitted ; thus blue glass absorbs 
all but the blue ray, and red cloth absorbs all but the red 
ray. The cause of this selection of colours of bodies is 
whollv unknown. 

32. Physical Optics includes the subjects of interference, 
diffraction, polarisation, and fluorescence. These phenomena 
are complex in their character ; they are usually explained 
upon the undulatory theory, although in some cases it 
fails. The student is referred to more elaborate works for 
their consideration 
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L PRELmiNART. 

33. Nature of Heat — Two theories have prevailed: 
First, that a subtile imponderable body, termed caloric, 
enters into the pores ( 8 ) of bodies, and by its varying 
quantity and the changes produced upon its entering or 
leaving, the phenomena observed are caused. In cer- 
tain cases it was supposed to become latent (Lat. IcUeo, 
I lie hidden), and was then inappreciable to ordinary 
observation. The second considers heat as a " mode of 
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motion,'"*' but the exact manner in which this motion pro- 
duces the various phenomena is yet a matter of discussion. 
The latter view of the subject is generally adopted, al- 
though, as in the case of light, the language of the mate- 
rial theory is yet employed for convenience. 

34. Relations of Heat and Motion. — Apart from any 

theoretical consideration, the mutual convertibility of mo- 
tion and heat has been settled by experiment. It has long 
been known that heat would produce motion, as in the 
steam-engine, or the expansion of a liquid in a ther- 
mometer tube, and that arrested motion would produce 
heat, as in friction-matches, or iron rendered red-hot by 
hammering. It has been ascertained that when heat is 
doing workf it is no longer sensible as heat, and that the 
amount of heat developed by arrested motion is exactly 
equivalent to the force employed ; which force is equal 
to that which would be developed by the amount of heat 
given out by its arrest. 

35. Mechanical Equivalent of Heat. — The independent 

researches of Joule and Yon Meyer have given us the 
mathematical relation between heat and work. The unit 
of work (dynamical unit) is one pound raised, one foot, or 
one foot-pound ; the unit of heat is the amount necessary 
to raise one pound of water from 32° to 33° F. or, less 
accurately, that required to raise a pound of water one 
degree of Fahrenheit's scale. One thermal unit is equiva- 
lent to 772 dynamical units. 

36. Temperature. — We judge of the intensity of heat 
by our sensations, and speak of bodies as being hot or 
cold. These sensations are fallacious, those produced by 
extreme cold and heat being similar. The terms high and 
low temperature are applied to signify the conditions ex- 
pressed in ordinary language by hot and cold. The tem- 

♦ Ttndall. Heat eouat'dered as a Mode of Motion, 1863. 
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perature of a body simply iodicates the intensity of its 
heat; and gives no idea of the quantity. Thus a ther- 
mometer in a teacupful of boiling water marks the same 
temperature as if plunged into a vat of the same contain- 
ing *a thousand gallons, yet we know that the quantity of 
heat given out during the cooling of the latter is as many 
times greater than that which the former gives out, in 
falling to the same temperature, as the amount of liquid 
is greater. Again, suppose a thermometer at 50° F. and 
100^ F. in equal quantities of liquid, it would be a mistake 
to suppose that in the latter case the water was twice as 
hot as in the former. The zero of the thermometric scale 
is entirely arbitrary and does not indicate the complete 
absence of heat, which may be yet abstracted from bodies 
which have been cooled to 0. The absolute of heat has 
been calculated to be — 459° F. 

37. Measurement of Temperature.— The instruments for 

indicating changes of temperature, or for measuring them, 
are thermoscopeSf thermometers^ pyrometers^ and thermo- 
multipliers. In all cases their graduations are arbitrary. 

Thermoscopes (Gr. therme, heat, and scopeOj I view) 
merely indicate changes of temperature. The most com- 
mon form is a bulb containing air attached to a stem con- 
taining liquid; on an increase of temperature the air 
expands, driving the liquid upwards or downwards, (Sanc- 
torius' thermometer.) This instrument is imperfect, be- 
cause the volume of air in the bulb may be varied by 
changes of atmospheric pressure. In the differential 
thermometer two bulbs containing air are united by a U- 
shaped tube containing liquid ; any change in the temper- 
ature of one of the bulbs, the other being unaffected, is 
made manifest by the motion of the liquid from the 
warmer bulb. 

Thermometers (Gr. therme^ heat, and metron, measure) 
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serve both to indicate and compare changes of temperature. 
Their indications are derived from the expansion of a 
liquid in a closed tube. Mercury is the liquid preferred 
because of its low specific heat (69), its uniformity of ex- 
pansion (51), its low freezing and high boiling point, and 
its property of not adhering to glass. The tube has a bulb 
blown on it, which with part of the stem is filled with 
mercury ; the air is expelled by boiling the mercury, and 
the end of the tube hermetically sealed, (melted together.) 
The instrument is then immersed in the vapour of boiling 
water, (the barometer being at 30 in.,) and the height of 
the column marked ; afterwards it is plunged into melting 
ice and the height again noted. The space between 
these two points is divided into degrees, which vary ac- 
cording to the scale adopted. On the centigrade scale 
(C.) the melting point of ice is marked 0, the boiling point 
of water 100°. Reaumur's scale (R.) has the same 0, but 
the boiling point is 80°. Fahrenheit (F.) marks the lower 
point 32°, the upper 212^. Thus the same space is divided 
into 100, 80, and 180 degrees on the different scales. 

Hence (dividing by 20) 9 degrees F.=5 C.=r4 R. To convert 
C. degrees to F., multiply by 9, divide by 5, and add 32. To con- 
vert R. to F., multiply by 9, divide by 4, and add 32. The fol- 
lowing formulas include all the necessary conversions : F. to C, 4 
(F.— 32) = C.; C. toF., |C + 32=:F.; R to F., J R. + 32=:F. ; 
F. toR., i (F.— 32) = R; 

Pyrometers (Gr. pur, fire, and metroTiy measure) are 
instruments used for measuring high temperatures by 
means of the expansion of a solid body, which it is diffi- 
cult to soften or melt. Saxton's reflecting pyrometer 
measures very slight changes at ordinary temperatures by 
communicating, by means of compound levers, the motion 
produced by the expansion of a bar of metal to a mirror 
which reflects a scale placed at a distance ; the image of 
the scale in the mirror is examined by a telescope. 
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An idea of the effect of the mirror in magnifying the changes 
of the bar, may be obtained by throwing a beam of light from a 
email looking-glass upon a distant wall ; an almost imperceptible 
change in the position of the mirror is followed by a motion of 
the spot of renected light through several feet. 

Thermo-Multiplier. This iostrument is by far the most 
sensitive to minute changes of temperature yet devised. 
A number of small bars of bismuth and antimony are 
soldered at alternate ends and kept apart by slips of paste- 
board ; to the end bars of the arrangement a copper wire 
is fastened, this passes several times around a delicately 
suspended magnetic needle ; when one end of the pile of 
bars is warmed, a current of electricity passes through the 
wire and causes the needle to move over a graduated scale. 



n. SOURCES OF HEAT. 

1. Physical; 2. Mechanical; 3. Chemical. 

38. (1) PbysicaL — These are the heat of the sun and 
stars, the internal heat of the earth, and atmospheric elec- 
tricity. The two last are comparatively unimportant. 

Amount of Heat Emitted by the Sun, — According to the 
observations of Pouillet,* the amount of heat annually re- 
ceived from the sun would melt a layer of ice surrounding 
the earth 101 feet thick. Yet the earth receives less than 
the two thousand millionths of the heat emitted by the 
sun. The fixed stars, the suns of other systems, are esti- 
mated to furnish to the earth four-fifths as much heat as 
the sun itself. f 

The heat emitted by the sun would boil 700,000,000,000 t»f 
cubic miles of ice-cold water per hour; its volume is 1,400,000 
times greater than that of the earth, yet if made of coal, and oxy- 
gen furnished in quantity sufficient to enable it to supply the 
observed emission, it would be utterly consumed in 5000 years. J 

* Phytique, tome 2de, p. 681. f SiLLiif an, op. eit. 4tt3. 

t Ttndall, op. eit, 434, 485. 
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The cause of the sun's heat is supposed by Von Meyer * to be 
due to the percussion of asteroids falling upon it. Should the 
earth be drawn into the sun, the heat de'veloped by the shock 
and the arrest of the earth's rotation would supply the sun's 
emission for ninety-five years-f 

39. (2) Meshanical Sources of Heat— Force is never 

lost When motion is arrested, enough heat is developed 
to reproduce that motion, if properly applied. Friction 
compression, and percussion are methods cf converting 
motion into beat. 

A match is lighted by the heat developed by friction ; a piece 
of cold metal passed between rollers becomes hot ; iron may be 
heated red-hot by hammering. 

40. (3) Chemical Sources of Heat — Chemical combina- 
tion is accompanied by heat. When the heat thus pro- 
duced is sufficiently intense to produce light, the phenom- 
enon is called combustion. This subject will be more 
fully considered under the heads of Chemical Affinity, 
and Oxygen. 

In an ordinary fire the heat developed is due to the union of 
the oxygen of the air with the carbon and hydrogen of the fuel. 
The amount of heat developed will depend chiefly upon the 
quantity of oxygen consumed. 

The cause of animal beat is supposed to be the union of 
the carbon, and perhaps of the hydrogen of the food, with 
the oxygen of the inspired air. This probably takes place 
in the intercapillary spaces. — (Liebig.) This view is not 
adopted by all physiologists. 



m. COMMUNICATION OF HEAT. 

1. Radiation ; 2. Conduction ; 3. Convection. 
41. (1) Radiation. — The phenomena of radiant heat 
closely resemble those of light. It is propagated in rays 

♦ Cttlestinl Dyiiann&iy Am. ed , p. 271. 

t Prof. Thompsok, cited in Tyndall, pp. 441, 442. 
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with immense voJocity, and is reflected, transmitted, or 
absorbed by the surface upon which it falls. It is not 
affected by currents of air. Its intensity is directly pro- 
portional to the temperature of the source, and inversely 
as the square of the distance. It is supposed to be con- 
stantly taking place from the surfaces of all bodies ; when 
a body is warmer than those surrounding, it emits more 
than it receives, and vice veraa. Hence the apparent radi- 
ation of cold, as in the lowering of the thermometer hung 
over the side of a vessel on the approach of an iceberg. 
The heat accompanying light is termed luminous; that 
from a dark body, as a vessel of hot water, obscure. 

42. Emission. — The rate at which heat passes from a 
body depends upon the temperature and nature of the sur- 
face. Rough surfaces emit most rapidly. The following 
examples will show the emissive power of different sur- 
faces for non-luminous heat: Lampblack (the highest) 
assumed as 100; white lead, 100; writing-paper, 98; 
glass, 90 ; ice, 85 ; tarnished lead, 45 ; polished silver, 3. 
It is independent of colour. 

Water is easily boiled in a. glass, or rough or smoked metallic 
vessel ; it is kept warm in a vessel of polished metal. A pol« 
ished metallic vessel, filled with hot water, will cool more rapidly 
if covered with a tightly fitting muslin jacket. The high radi- 
ating power of glass causes windows, in winter, to cool the air 
of rooms rapidly, resulting in loss of fuel and the production of 
downward currents of cold, foul air, which interfere with venti- 
lation. Water has a high radiating power, and will freeze, 
under favourable circumstances, when the temperature of the 
surrounding air is not below 40° F. 

43. Absorption. — The absorbing power of a surface is 
the same as its emissive power when the source is at 
212^ F.; at other temperatures they coincide nearly, but 
not exactly. It also varies with the nature of the source 
Lampblack is the only substance which absorbs all the 
rays of heat, no matter what the source. Absorption of 
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obscure rays is independent of the colour of the surface ; 
of luminous rays the greatest number are absorbed by 
black ; then in the following order : violet, indigo blue, 
green, red, yellow, and white. The rays of heat are more 
largely absorbed in proportion as they fall more nearly 
perpendicularly upon the surface. Hence the less ap- 
parent warmth of the sun's rays in winter. 

44. Reflection. — The laws of the reflection of radiant 
heat agree with those of light (23). The reflecting power 
of a surfa<;e is inversely as its radiating power. Polished 
metallic surfaces form the best reflectors ; glass silvered on 
the back, while an excellent reflector of light, is almost 
useless in the case of heat; but a film of gold ju^Vtjo ^^ 
an inch in thickness, placed on the front of the glass, will 
reflect almost as well es a solid metallic plate. 

45. Transmission. — The laws of the transmission of 
radiant heat accord closely with those of light. Bodies 
which allow heat to pass through them are termed 
diaihermous (Gr. dia, through, and thermaino, to heat). 
There is no direct relation between the transparency of a 
medium and its power to transmit heat. Rock-salt is the 
most diathermous body known ; when smoked so as to 
become opaque, it still transmits heat ; alum which may 
be obtained quite transparent, almost entirely cuts off the 
heat-rays ; glass transmits them imperfectly. The pro- 
portion of heat-rays transmitted also depends upon the 
source; at high temperatures a larger proportion is trans- 
mitted, and the difference of the diathermacy of various 
media is less marked than for the obscure rays. Gases 
vary exceedingly in their transmitting power, pure dry air 
being almost absolutely diathermous, while ammonia, 
olcfiant gas, odours of essential oils, and watery vapour 
obstruct to a greater or less degree.* The radiating and 
absorbing powers of media are proportional. 

* Tv.ND.M.L, "j>. cit. pp. 3CI, ::r4, r.Q'J. 
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Calling the absorptfve power for obscure niys, under atmo- 
spheric pressure, of pure dry air 1, that of ammonia is 1195 ; 
ulefiant gas, 970 ; humid air, 96 ; essential oils, 30 to 372. A 
stratum of ammonia as thick as a sheet of paper will cut off 
obscure heat-rays as effectually as a metal screen. The im- 
portance of these discoveries to the science of meteorology is 
obvious. 

Sifting op Rays. — When the rays from any source pass 
through a medium, a certain portion is arrested. Of those which 
go through a much larger proportion will pass through a second 
similar medium. For example, a plate of alum transmitted but 
9 per cent, of heat-rays, arresting 91 ; of these 9 a second plate 
transmitted 90 per cent., p^resting but 10 per cent. The heat 
which has passed through the first plate is said to be sifted of 
those rays which are most easily arrested. This principle 
explains why glass readily transmits solar heat, but arrests that 
from other sources. The heat of the sun in its passage through 
the atmosphere (which contains watery vapour, ammonia, and 
odours) is strained of the rays which could be stopped by the 
glass. 

46. Refraction of Heat — The rays of heat obey the 
laws of light in regard to refraction. The ordinary burn- 
ing-glass causes the rays of the sun to be concentrated 
upon a spot, the focus (26). The intensity of the heat at 
the focus compared with that of the sun is as the area of 
the glass compared with that of the focus. Heat passed 
through a prism forms a thermal spectrum analogous to 
the solar spectrum, but differing in many important points* 
Heat, like light, may be polarized. 

47. ConductloiL — Heat passes slowly through bodies, it 
is supposed by radiation from particle to particle. The 
conducting power of liquids is very slight, that of gases 
inappreciable. Of solid bodies, the metals are the best 
conductors. The following list assumes the best con- 
ductor at 100: Silver, 100; gold, 98; copper, 73; brass, 22; 
tin, 23; iron, 13; lead, 11; platinum, 10; German siher, 
6 ; bismuth, 2. Solids generally conduct equally in all 
directions. This is not the case with certain crystals and 
with wood. Porous or fibrous bodies, as sawdust, pow- 
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dered charcoal, and down, are bad conductors on account 
of the air and gases enclosed. 

Illustratioks. — If a rod of iron be held with one end in the 
(Ire, an appreoiablo time will elapse before the hand receives heat 
through It, although the radiant neat of the sun, at 95,000,000 of 
miles distant, is felt as soon as his light is seen. 

If a pin be thrust into a candle-flame, it will soon become too 
hot to be held ; a wooden match, if held upwards, may be burned 
almost to the fingers without heat being communicated bj the 
wood. • 

Metal at 120° F. will burn the hand ; water may be borne at 
150° if the hand be kept still and the temperature gradually 
raised; dry air may be endured above 300°, at which tempera- 
ture eggs may be roasted and steaks cooked. Moist air con- 
ducts better than when dry ; hence the feeling of chilliness it pro- 
duces. Fire-proof safes, ice-houses, water-pitchers, are made 
double with porous material interposed to prevent the com- 
munication of neat from without. A bed of ice several centuries 
old exists on the flanks of Mount ^tna, preserved by having 
been first covered with a layer of sand and ashes, and then with 
a stream of lava. 

The order of conducting power of clothing materials is as fol- 
lows: linen, cotton, silk, wool, furs, eider-down. Fine fabrics 
are warmer than coarse ones. 

48. Convection or CircnlatioiL — Liquids and gases can, 
in practice, be warmed only by heat applied below. The 
particles of fluid in contact with the heated portion of the 
containing vessel become expanded and are forced upwards 
by the descending cooler and heavier ones. A circulation 
is thus set up by which each particle in turn receives heat 
from the source. The presence of any viscid matter will 
prevent this circulation; hence, in boiling starch, gum, 
etc., the fluid requires to be constantly stirred to prevent 
burning. 

Winds and currents in the atmosphere (193) are thus caused. 
The gulf-stream is due to the heated water of the tropi^^s flowing 
off toward the poles. 
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IV. EFFECTS OP HEAT. 

49. In consideriDg the effects of heat, it should be 
borne in mind that bodies consist of particles with dis- 
proportionately large spaces or pores between them (8). 
These particles are under the constant influence of two 
forces, that of attraction tending to bring the particles into 
contact, and that of repulsion (due principally, if not 
wholly, to beat) tending to drive them asunder. When 
the first preponderates greatly, bodies are solid ; when in 
a less degree, liquid ; and when the latter is stronger, they 
are in the state of gas or vapour. Moreover, as the As- 
tance of the particles increases, the attractive force dimin- 
ishes in a rapid ratio, and the repulsive force acts with 
an energy correspondingly greater (9). The effects of 
heat may be considered under the heads of Expansion, 
and Change of State. 

50. 1. EXPANSION (a) of Solids, (6) of Liquids, (c) 
OF Gases. 

(a) Of Solids. — All solids (except iodide of silver *) ex- 
pand by heat. The expansion is equal in all directions ; 
the solid resumes its original form and volume on returning 
to the original temperature. When expansion is measured 
in length only, it is called linear ; when in all dimensions, 
it is called cubical. The coefficient of expansion is the 
small increase in dimensions observed in passing from 32 '^ 
to 33^ F. The rate of expansion of solids varies with the 
body and increases yr\th the temperature. The force 
exerted by an expanding or contracting body is equal to 
that required to extend or compress it an equal amount, 
and is practically irresistible. A bar of iron one inch 

* Chem. News, zy. 215. 
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square and ten inches long, heated from 10^ to 90^ F., 
exerts a pressure of about 50 tons. 

Certain crystals do not expand equally in all directions. 
Wood expands more in the breadth than in the length of its 
fibres ; lead sometimes expands permanently, causing the leaden 
lining of bath-tubs, etc., to become wrinkled. 

Gabieal expansion may be derived from the linear by cubing 
the coefficient. The increase of capacity of hollow vessels is 
equal to that of a solid mass of the same sise and material for a 
like change of temperature. 

The amount of expansion of solids is small, being for linc, 
which is the most expansible of the metals, only jlnth of its 
length, between 32° and 212^ F. The following list gives the 
relative dilatability of the bodies named: Zinc, lead, tin, silver, 
brass, gold, copper, bismuth, iron, steel, antimony, platinum, 
glass. Ice and certain minerals are more expansible than the 
metals. Platinum wires may be fastened in glass, as the two 
expand and contract nearly alike ; other metals will expand and 
contract more than the glass, causing them to split it or become 
loose. 

Compound bars. — If two metals, as silver and platinum, be 
riveted together, the bar will bend on change of temperature; 
the more expansible metal forming the convex front of the curve 
when heated, and vice versa. Such an arrangement is employed 
in Breguei's thermometer, and is applied, among others, to the 
compensation of the pendulums of clocks and balance-wheels of 
watches. 

The force of expansion and contraction of solids is often 

usefully employed, as in shrinking tires on wheels, reinforce 
rings on cannon^ or in drawing up the walls of buildings by the 
contraction of rods passed through the walls. Glass stoppers 
may be loosened by heating the neck of the bottle; the neck 
becomes warmed sooner than the stopper, and, expanding, re- 
leases it. Heat, applied to a thick glass vessel, will crack it, 
because of the more rapid expansion of the part heated, owing 
to the bad conducting power of the glass. Chemical flasks are 
made thin, and will safely bear sudden changes of temperature. 

51. (5) Of liquids. — Liquids expand more than solids 
for an equal increase of temperature, because in them the 
cohesive force is weaker. Between 32° and 212° P. the 
expansion (cubical) of mercury is ^^j, of water ^^.^j, alco- 
hol ^. They expand more irregularly than solids, the rate 
being greater at higher temperatures. Mercury is the most 
uniform in its rate of expansion, which is one reason for 
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its use in thermometers (3T). The rate of expansion of a 
liquid in glass (which at the same time expands) is called 
its apparent, in contradistinction to its absolute or real ex- 
pansion. The force exerted by the expansion of a liquid 
is, like that of a solid, practically irresistible. Mercury, 
heated 10°, exerts a force of 2850 lbs. per square inch. 
When kept under pressure, and heated above their boiling- 
point, the rate of expansion of liquids increases rapidly, 
and even exceeds that of gases. Liquid carbonic acid ex- 
pands more than air for an equal increase of temperature. 

52. Maximiim Density of Water. — Water, cooled below 

39*2° F., no longer contracts, but expands until it reaches 
the freezing-point 32*^ P. Hence at that point any increase 
or diminution of temperature causes an increase of bulk, 
and the liquid is said to be at its temperature of maximum 
(greatest) density 

Owing to this fact, our streams and lakes never freeze to any 
great depth. Water exposed to cold loses its beat by radiation 
(41) and conyection (4o), until it reaches 39*2** F. ; after this, 
circulation ceases, the colder water, being lighter, no longer sinks 
to the bottom, but remains like a film of oil on the surface until 
it freezes. Ice, being lighter than water floats, and as it is a bad 
conductor of heat, acts to protect the stream from further loss. 
The temperature of maximum density of sea-water is 25*7° F. 

53. (c) Of Gases. — In gases the cohesive force is inap- 
preciable ; they therefore expand more than liquids. All 
gases expand alike, and the rate is not altered by tempera- 
ture nor pressure. The increase of bulk of a gas for 1 ° F. 
is ^J^ of its bulk at 0° F., or :fl^ of its bulk at 32"* F. 
This is equal to rather more than one-third of the bulk 
between 32*^ and 212° F. 

The above statements, although practically true, are not strictly 
BO Certain liquefied gases, as carbonic acid, expand more than 
the gases themselves. All gases do not absolutely expand alike, 
nor is the rate of expansion entirely uninfluenced by pressure 

In order to calculate the volume of a given quantity of 
gas of known temperature and pressure at any other tem* 
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peratare and pressure, the following simple formulse will 
be sufficient. Calling t the original temperature in degrees 
F., p the original pressure, ^ the observed temperature, and 
p' the observed pressure. Then, as a gas increases ^^j^ of 
its bulk for each degree P., and its volume is inversely at 
the pressure (194), we have 

460+; : 460+i' ; : V : V : and 
p' : p : : : V : y 
where Y and V are the original and observed volumes. 

Thus, 100 cubic inches of a gas at 60** F., and 30 in. bar., 
become at 90** F., and 29 in. bar., — 100-2 c. in. 

620 : 650 : : 100 : 105-7 
29 : 30 : : 100 : 103-5 

64. 2. Glia&ge of state includes the phenomena of (a) 
fusion, congelation, or solidification; (b) evaporation, 
vapourisation, condensation ; and (c) latent heat. All 
matter (with certain exceptions) may exist either as solid, 
liquid or gas, the state depending upon the temperature 
and pressure. By lowering temperature and increasing 
pressure, thus aiding cohesion, we convert gases and 
vapours into liquids, and finally into solids, and vice versa. 

As yet, some solids have not been satisfactorily fused or vapour- 
ised, and the following gases have resisted all attempts to liquefy 
them: oxygen, hydrogen, nitrogen, carbonic oxide, nitric oxide, 
and marsh gas. 

When we speak then of a body as a solid, or liquid, or gas, 
we refer to ordinary temperatures. To an inhabitant of a cli- 
mate of a fixed temperature of 0° F., sulphurous acid would be a 
liquid and water a solid ; were the planet Mercury habitable, 
iron would be described as a gas 

55. (a) Fusion and Solidiflcatioii. — Bodies melt at a 
certain temperature fixed for each, at which temperature 
they also solidify. During the processes of fusion or of 
solidification, the temperature remains constant. Some 
bodies, as ice, pass at once to the liquid state; others, 
as butter, soften gradually ; others, as camphor and arsenic, 
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pass at once into the state of vapour, unless under more 
than atmospheric pressure. 

The following are some of the more im'poTiaxit fusing points in 
degrees (F.) : ftfercury — 39, bromine — 4, phosphorus-f- 111, iodine 
+ 224, sulphur + 239, tin -f 455, bismuth + 518, lead -f 630, zinc 
+ 761, silver -f 1873, copper + 2143, gold + 2016. 

The temperature of the liquid remains constant during fusion 
because the heat applied goes to melt the body, not to raise the 
temperature of that already melted. It is then doing work (34) 
and \s not sensible to the thermometer; (Latent Heat.) Con- 
versely, when heat is abstracted from a liquid, a portion becomes 
solid, and the heat of fusion is thus liberated, and the tempera- 
ture cannot fall so long as any liquid remains. 

Bodies which are difficult of fusion, as carbon, fire-clay, lime, 
magnesia, silica, etc., are termed refractoiy. Even carbon, how- 
ever, has been softened and partially fused in the voltaic arch. 

56. Change of Volume during Solidification. — Mercury 

and most metals contract on solidification, and do not 
therefore make good casts. Hence coins and medals are 
stamped. Certain alloys, as type-metal (lead and anti- 
mony), expand and take sharp impressions of a matrix 
Water expands about one-eleventh of its bulk on freezing, 
and will burst strong iron vessels. 

Water does not always freeze at 32° F., but invariably melts 
at that temperature, fey keeping it perfectly still, deprived of 
carbonic acid, or under great pressure, or in capillary tubes, its 
temperature may be lowered 10° or more below its normal freez- 
ing-point. 

6T. (b) Evaporation and Vapourisation. — Liquids on 

the application of heat become vapours. Physically, 
vapours (remote from their condensing points) and gases 
are identical 

Evaporation takes place gradually, at all temperatures, 
and from the surface of the liquid only. When solids pa^s 
at once into the state of vapour, it is termed siLblimation, 
although this word has a more extended meaning 

Ice and snow evaporate below 32° F. Some liquids do not 
evaporate below a certain point, as mercury below 40° F., and 
sulphuric acid at common temperature. 
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58. Tension of Vapours. — If a barometer tube be filled 
and inverted over mercury, there will be above the mer- 
cury, in the tube, a vacuum (Torricellian vacuum [193] ). 
If into a series of such tubes small equal quantities of 
different liquids be introduced at the same temperature, it 
will be noticed that the liquid will volatilise instantly, and 
that the mercury will be forced down in the tube to a 
greater distance in proportion as the liquid is more vola- 
tile. This elastic force or spring of the vapour is called 
its tension. If an additional quantity of liquid be intro- 
duced, further depression takes place, until it will be found 
that the liquid will no longer volatilise, nor the column be 
depressed by its vapour. The space has become saturated 
with the vapour and can receive no more ; this is called 
the point of saturation or maximum (greatest) tension of 
the vapour for that temperature. By increasing the tem- 
perature, more liquid is volatilised and further depression 
takes place; by reducing it, a portion of the vapour is 
condensed, and the column rises. When the temperature 
rises to the boiling-point of the liquid, the mercury is 
driven out of the tube, and will stand at the level of the 
cistern. When the tube contains both vapour and liquid, 
by raising it so as to diminish the pressure, further evapo- 
ration takes place ; by depressing it into the cistern so as 
to increase the pressure, more liquid is formed. Hence 
the point of saturation or maximum tension varies with 
the temperature, and is independent of the pressure. The 
tension of vapours in communicating vessels unequally 
heated is equal, and is that due to the lower temperature. 

59. Circumstances influencing Evaporation. — The greater 
the extent of surface, the higher the temperature (up to a 
certain point [64] ) and the less the pressure, the more 
rapid the evaporation. Rapid removal of air, by present- 
ing a iresh space instead of one partially saturated, also 
aids it. 
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In the arts, evaporation is carried on in. flat dishes; some- 
times in salt-making the brine is allowed to trickle over twigs, 
to increase the extent of surface. Medicinal extracts are pre- 
pared in vacuo. Draughts of air produce a sensation of coolness 
Dy promoting evaporation (68). 

60. Vapourisation, or Ebiillition, takes place rapidly at 
the boiling-point and from the whole of the liquid. A 
liquid boils when the tension of its vapour exceeds its co- 
hesive force and the pressure on its surface. When water 
is exposed to heat, we notice that the air is first driven 
out, then simmering is heard. This is due to the con- 
densation of the bubbles of steam formed at the lower part 
of the vessel by the cooler liquid above. As soon as the 
whole reaches the boiling-point, the bubbles pass to the 
surface and the steam escapes ; ordinarily it is partly con- 
densed into minute bubbles or drops forming a cloud. 
True steam is transparent and invisible, as air. The boil- 
ing-points of liquids will be given as their properties are 
described. By reducing the pressure the boiling-point is 
lowered, by increasing it it is raised, so that water may be 
made to boil in vacuo at 70^, or in a strong boiler foe 
heated red-hot. The temperature of water in an ordinary 
locomotive boiler is 340° P. 

Adhesion also modifies the boiling-point. In a perfectly clean 
glass vessel water may be raised to 221^, and then bursts irregu- 
larly into steam ; a little clean sand or platinum wire causes the 
liquid to boil regularly at its normal temperature. This expe- 
dient is often used in distilling heavy liquids, which by their 
thumping would break the retort. Water entirely deprived of 
air may be heated to 360°, and then bursts into steam with ex- 
plosive violence. — (Donn^.) 

As the boiling-point varies with the preasurtj the barometric 
height of 30 inches (193j is assumed as the standard. 

Solutions of solids raise the boiling-point ; a saturated solution 
of common salt boils at 227° F. Such solutions are sometimes 
used as water-baths or in tempering steel. The wateivbath con- 
sists of two concentric vessels having the intervening space filled 
with water, but open to the atmospnere. A body placed in the 
inner vessel will be subjected to a temperature not exceeding 
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that of the boiling-point of the liquid. The common glue-pot is 
un example. 

Sugar is made in vacuum pans, by means of which it is boiled 
at a lower temperature. In Papin's dieester, a strong boiler of 
peculiar form, water is heated above it8 boiling-point, and its 
solvent action on certain bodies much increased. 

61. Mechanical Force developed during Evaporation. — 

A cubic inch of water yields nearly a cubic foot of steam. 
Hence the evaporation of water is a convenient method of 
converting heat into motion (34). Although some other 
liqaids boil at a much lower temperature, ether, for in- 
stance, at 94*8°, yet at their boiling-points, the space occu- 
pied by their vapour is less than that of steam, and they 
require the same amount of heat to produce the same 
volume. Hence there would be no advantage in substi- 
tuting them for water in engines. The expansion of air 
is employed for the same purpose. As air only increases 
about one-third of its volume by being heated from 32° to 
212° F., its usefulness is limited to engines of moderate 
power. Its advantages over steam are: (1) Greater 
economy. The specific heat of air (TO) is but one-fourth 
that of water. In engines working into the atmosphere, 
the agent (steam or air) is thrown away after doing work, 
and the residual heat wasted. Air wastes but one-fourth 
as much as steam. (2) Safety. In air-engines there is 
no boiler, can be no explosion, and an attendant is only 
needed to replenish the fire and keep the machinery in 
order. 

62. Condensation of vapours is accomplished by cold, 
aided in some cases by pressure. Pressure alone cannot 

liquefy a vapour, as the heat developed by the condensa- 
tion is equivalent to the force producing it (31). By 
combined pressure and cold most of the gases known to 
us have been liquefied, and many solidified. Those which 
arc known to us only as gases, to wit : oxygen, hydrogen, 
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nitrogen, carbonic oxide, nitric oxide, and marsh gas, are 
termed permanently elastic gases. 

63. Distillation is tne successive evaporation and con- 
densation of a liquid. It is employed to separate a liquid 
from a dissolved solid, or to separate liquids of diflferent 
volatility from each other (fractional distillation). An 
example of the first is in the distillation of water to free it 
from impurities ; of the second, the separation of alcohol 
and water in the manufacture of spirits. 

Fractional distillation cannot be relied on to sepjirate entirely 
liquids of different volatility, because evaporation takes plcaco 
below the boiling-point of the less volatile liquid. Ilencc chemi- 
cal means are resorted to after the distillation. See Alcohol. 

The form of condenser used on the large scale is a coiled pipe 
or worm immersed in a cistern in which water is admitted be- 
low, and passes out above. Liebig's condenser is a tube sur- 
rounding that leading from the retort, closed at the ends, and 
having a lateral tube for the admission of cold wa.ter below, and 
one for its exit above. 

AVhen the distillate is not very volatile, it is sufficient to keep 
the neck of the retort and the receiver cool by means of wetted 
paper or cloth. 

64. Spheroidal State. — A liquid dropped upon a polished 
plate heated considerably above its boiling-point, does not 
wet the plate, but assumes the form of a flattened sphere 
resting quietly upon it. The evaporation of the spheroid 
is slow, its temperature is always below the boiling-point 
of the liquid (2051^ F. for w^ater), that of its vapour 
nearly that of the plate. It does not touch the plate. 
The phenomenon takes place in vacuo, on the surface of 
most solids and of liquids. The chemical action of a liquid 
upon the plate is suspended while the former is in the 
spheroidal state. The causes assigned for this phenome- 
non are four. (1) The repulsive force which heat exerts 
between bodies which are nearly in contact with each 
other, (2) A cushion of vapour is formed on which 
the spheroid rests. (3) This vapour is a bad conductor, 
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and prevents the rapid transmission of heat from the plate 
to the globule The radiant heat of the plate is reflected 
from the globule. (4) The evaporation from the surf Ace 
of the spheroid carries off the heat as it arrives, and pre- 
vents the liquid from boiling. 

Certain remarkable phenomena are connected with this state. 
A white-hot poker may be licked with impunitv ; the hand 
(moist) ma^ be safely plunged into molten iron or lead. By the 
aid of liquid sulphurous or solid carbonic acids, water and mer- 
cury may be frozen in red-hot capsules. 

65. (c) Latent Heat. — When heat causes a solid to 
liquefy, or a liquid to vapourise, it is doing work in over- 
coming or resisting the cohesive force of the particles. It 
cannot at the same time then do other work in expanding 
the liquid of a thermometer, or in producing those changes 
which give us the sensation of heat. It is therefore insen- 
sible or latent (luteo, I lie hidden). 

If we expose a pound of water and one of ice, each at 
32^ F., in vessels provided with thermometers, to an uni- 
form source of heat, the ice will gradually melt, but the 
thermometer will remain at 32° until the last solid parti- 
cle has disappeared (55). If at this instant the ther- 
mometer in the other vessel be examined, the water will 
be found to have risen to 174° F. It is evident that 142 
thermal units (35) have been expended in converting \c.v 
into water of the same temperature. 
. If we expose a pound of water at 212° F., and 967 
pounds at 60° F., to an uniform source of heat, the boil- 
ing water will pass into steam of the same temperature 
(212° F). When it has all vapourised, the 967 pounds of 
water will be found to have risen 1° F., to wit, to 61° F. 
Hence 967 thermal units are required to convert water 
into steam of the same temperature. On condensing the 
steam, by passing it into water below 212°, this heat is 
again given out. 
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Water is the great regulator of changes of tiie earth's tempe- 
rature. From its high specific heat (69), it absorbs heat in hut 
seasons or localities, ana gradually gives it out as the tempera- 
ture falls. Ice and snow give out their latent heat to moderate 
sudden frosts, and again absorbing it, reduce the temperature 
during rapid thaws. By their bad conducting powers they 
protect the earth from extremes of cold. Evaporation from the 
surface of the earth moderates the intensity of the sun's rays. 

Steam is used as a source of heat, both from its convenience 
and in cases where the direct action of fire would be unsafe. It 
gives out both its sensible and latent heat when condensed. The 
sum of the sensible and latent heat is nearly constant ; that is, 
as we increase the temperature of steam by means of a high- 
pressure boiler (60), we compress it into a less volume, and thus 
liberate a portion of the latent heat. Hence there is no economy 
in the use of high-pressure steam for heating purposes. 

66. Freezillg Mlxtnres. — If we mix two solids capable 
of rendering each other liquid by chemical or mechanical 
force, the particles are torn asunder by this force, and the 
heat which would be necessary to liquefy them must be 
supplied from surrounding bodies. The same is true of a 
solid and liquid. The most common and convenient freez- 
ing mixture is composed of salt one part, snow or pounded 
ice two parts. A temperature of 0° F. may thus be pro- 
duced and maintained for some time. By means of a bath 
of solid carbonic acid and ether, Mitchell (J. K.) obtained 
a temperature of — 146° F. Natterer, by means of liquid 
nitrous oxyde and bisulphide of carbon, reached — 220° F. 
In the latter cases the low temperature was partly due to 
evaporation. The cold produced by solution, as of epsoni 
salt or nitre, is explained on the same principle. 

61. Cold produced by Evaporation.— The heat required 

to evaporate or vapourise a liquid is abstracted from sur- 
rounding bodies, or from the liquid itself. The more vola- 
tile the liquid, the more rapid the reduction of tempera- 
ture. 

The cooling effects of the rapid evaporation of perspiration, 
especially in draughts of air, of cologne, etc., are well known. 
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The evaporation of ether has been employed on the large scale 
in Twining's apparatus for the production of ice in hot eiimates. 
Water may be frozen by its own evaporation in an exhausted 
receiver, or the cryophorus of Wollaston. In Carry's apparatus 
a solution of ammonia in water (which takes up over 700 vol- 
umes of the gas) is heated in a strong boiler until the gas is 
expelled. This gas passes by a tube into a communicating con- 
denser, where it is liquefied by its own pressure, aided by the 
abstraction of heat by means of a current of water. If the 
boiler be now placed m water, and cooled, the liquid ammonia 
(which boils at — 40° F.) passes rapidly into vapour, which is 
absorbed by the now cool water in the boiler, and the water in 
contact with the condenser, giving heat to the boiline ammonia, 
freezes. The cold produced by the evaporation of the spray of 
ether or rhigolene has been used for the production of local 
ansBsthesia. — (Richardson, Bigblow.) 

68. SPECIFIC HEAT. — Equal weightSF of diflFerent 
substances submitted for the same time to the same source 
of heat do not acquire the same temperature. Some take 
longer than others to warvn through. Thus if two vessels, 
one containing a pound of water, the second a pound of 
mercury, be exposed to the same source of heat, it will be 
found that while the water rises 1°P., the mercury will rise 
33° F. The water is thus said to have a capacity for heat 
33 times greater than that of mercury. As water has 
the greatest capacity for heat of any known body, it is 
assumed as the standard. The specific heat of a body is 
the amount required to raise it 1°F., compared with an 
equal weight of water. Thus the specific heat of mer- 
cury is 0.033. It is not necessary here to detail the 
various methods of determining accurately the specific 
heats of bodies. The specific heat of a substance is 
greater in the liquid than in the solid form. 

A common experiment to show the different relative expansi- 
bility of liquids is to take three tubes of equal diameters 
furnished with bulbs of equal capacity, one filled with mercury, 
a second with water, and a third with alcohol, to the same mark 
on a scale. These are inserted in boiling water. At the end of a 
few minutes the alcohol will stand highest, the water next, and 
the mercury lowest, indicating their relative apparent expansi- 
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biilty. At firsij however, the mercury rises higher than either 
the water or the alcohol, owing to its small specific heat. This 
is one of the properties which renders mercury especially 
adapted for thermometers. The high specific heat of water 
serves to moderate vicissitudes of climate (65). 

69. Specific Heat of Oases. — This may be considered, 
(1) when the gas is kept in a close vessel, so that its 
volume cannot increase (specific heat under constant 
volume) ; (2) when the gas is allowed to expand freely 
(specific heat under constant pressure). The specific heat 
of gases does not vary with the temperature or with the 
pressure. When air is allowed to expand freely, about 
^ths of the heat applied is expended in producing ele- 
vation of temperature, the remaining §ths being employed 
in expanding the air, or in work. This is given out upon 
compressing the air. The heat evolved by suddenly com- 
pressing air is sufficient to ignite tinder. 

70. Relatioii between Specific Heat and Atomic Weight. 

If instead of comparing equal weights of elementary 
bodies we take atomic weights (141), we shall find that 
their capacity for heat is equal, or nearly so. In other 
words, the specific heat of elementary bodies is inversely 
as their atomic weights. There are certain important 
exceptions to this law. This law also holds good in 
regard to compound bodies of similar chemical consti- 
tution, and containing the same number of atoms. 

11. Agency of Heat in Natural Phenomena. — The 

change of season depends upon the fact that in summer 
the sun is longer above the horizon, and his rays are more 
nearly vertical (43). Climate is modified by the presence 
of large bodies of water, which render the temperature 
more uniform (65); by the gulf-stream, which conveys 
northward the warmer water of the tropics. The presence 
of snow-clad mountains, and of large forests which hide 
the earth from the sun's rays, render a climate colder. 
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The latitude, elevation, and prevailing winds also exert a 
marked influence. Winds, draughts, and currents depend 
upon the ascent of heated air, from the greater weight of 
a column of cooler air of equal height, lite trade-winds 
and monsoons are periodical. The former are due to the 
ascent of heated air from the equator^ and the inflow from 
the poles. They blow from the northeast and southeast ; 
this obliquity being due to the rotation of the earth. The 
latter are caused by the alternate heating of the earth on 
opposite sides of the equator by the sun. 

72. Sea and Land-Breeze. — When the sun shines on the 
sea and adjacent coast, the latter becomes raised in tem- 
perature, while the former remains nearly constant from 
its vast volume and great specific heat (68). Hence the 
cooler air from over the water gravitates and drives up 
the lighter warmer air over the land, giving rise to the 
sea-breeze. At night the land cools by radiation rapidly, 
while the sea maintains its uniform temperature, and a 
reverse current, the land-breeze, is produced. 

Dew. — During the day the sun causes rapid evaporation 
of the surface moisture of the earth, which diffuses through 
the atmosphere ; at night the earth cools by radiation, and 
this moisture is condensed upon its surface just as in sum- 
mer it is seen on the surface of a vessel of iced water. 
Clouds prevent the formation of dew by reflecting the 
radiant heat to the earth; winds carry it off as fast as 
deposited. Clouds, fog, rain, snow, and hail, are formed 
from the condensed moisture of the atmosphere, but under 
conditions too complex to be fully discussed in an ele- 
mentary work. See The Atmosphere (193). 
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ELECTRICITY. 

Is supposed to exist naturally in all bodies in a state of 
equilibrium, and to manifest itself when this is disturbed. 
It is developed by tnechanical means (statical or frictional 
electricity), by chemical action (dynamical electricity, gal- 
vanism, voltaic electricity), by heat (thermo-electricity), 
by magnetism (magneto -electricity), by nervous force 
(animal electricity). Magnetism being but a manifestation 
of electricitv, is conveniently considered first. 

MAGNETISM. 

T3. Magnets. — Magnetic iron ore, Fe304, (loadstone,) 
possesses the property of attracting iron and certain other 
metals (nickel, cobalt, and perhaps manganese), and of 
communicating its powers to them ; a bar of iron or steel 
thus magnetised is called an artificial magnet. Iron re- 
ceives and loses magnetism readily, steel with difficulty. 

A magnet is found to possess attractive powers princi- 
pally at its ends, which are called its poles. 

T4. Directive Tendency. — If a magnet be suspended 
freely, it assumes a position nearly north and south. The 
end which invariably points north, is called the north pole, 
and vice versa. One pole cannot exist without the other ; 
the fragments of a magnet each have poles. The north 
pole of a second magnet repels that of the first, and attracts 
its south pole, and vice versa. A magnet thus freely sus- 
pended forms a compass-needle. When two magnets are 
joined with the N. pole of one above the S. pole of the other, 
it constitutes an astatic needle. 

15. Induction. — A piece of iron brought near a magnet 
has magnetic polarity induced in it, and is attracted; the 
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intensity of the attraction depends upon the distance, and 
is not interfered with by the interposition of neutral sub- 
stances. This second magnet is capable of inducing mag- 
netism in a third in a less degree, and so on. 

76. Variation and Dip.— The line of direction of the 
magnet, called the magnetic meridian, varies from the true 
meridian. This deflection, which is not constant, is called 
the variation of the needle. A magnet free to move in a 
vertical plane will have a dip, which increases as we go 
from the equator towards the poles. The earth is supposed 
to be a great magnet, and the poles have been discovered, 
that is, points where the dipping needle was vertical, and 
the horizontal needle ceased to traverse. 

77. Diamagnetism. — Researches with very powerful 
magnets (electro-magnets, 104) have shown that all bodies 
are probably more or less influenced by the magnet. Bodies 
which are attracted arrange themselves in a line joining 
the poles (a^ially), those which are repelled in a line at 
right angles to this (equatorially). The former are called 
Tnagnetics or paramagneticSf the latter diamagnetics. Oxy- 
gen is highly magnetic. 

STATICAL ELECTMCITT. 

78. Elementary Phenomena. — If a tube or rod of dry 
glass be rubbed with a cat's fur, it will be found to attract 
light bodies, such as bits of paper. In the dark, a feeble 
bluish light is seen in the path of the rubber, and a crack- 
ling sound is-heard; on presenting the knuckle, a slight 
spaik will pass to it. Brought near the face, either the 
rod or rubber communicates a sensation as if cobwebs 
were in contact with the skin. A body thus affected is said 
to be excited or electrified. Electricity does not increase 
or diminish the weight of bodies under its influence. The 
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same phenomena may be observed (with proper precay^ 
tions) in all bodies. Electricity readily passes from an 
excited body to a neutral one, and may be stored up for 
purposes of experiment. 

19. Two Kinds of Electricity. — If a pith-ball be sus- 
pended by a silk string, it will be attracted by an excited 
glass rod. On touching the rod, it is repelled, but is then 
attracted by the rubber; or if touched by the finger, is dis- 
charged, and will then be attracted by either the rod or 
rubber. Similar phenomena in every respect are seen 
when the rod is composed of resinous matter or sulphur. 
A ball repelled by the glass will be attracted by the sul- 
phur as by its own rubber, and vice versa. 

80. Hypotheses. — Two hypotheses have been suggested 
to account for these and other electrical phenomena. Both 
involve the assumption of a subtile, ethereal, imponderable 
fluid pervading all nature, and existing in a state of quies- 
cence or combination in bodies in their natural state. 
Franklin supposed that, when the electrical equilibrium 
was disturbed by friction, that one body received from 
the other a portion of this fluid, becoming positive -f , 
while the other, having relatively less, was termed nega- 
tive — . In case of glass, the rubber loses, while in that 
of resin the rod loses. Du Fay supposed the existence of 
two mutually attractive fluids, the vitreoun and resinoum, 
equal in amount but opposite in tendency ; when associ- 
ated together in equal quantity, they mutually neutralise. 
AVhen disturbed, they are separated, one going to the rub- 
ber and the other to the body rubbed. 

As neither hypothesis is probably true, that of Franklin is 
preferred from its simplicity. Either is competent to explain 
most of the phenomena. 

Bodies similarly excited repel each other, and those of 
unlike excitement mutually attract. 
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81. Condnotors; Insulators. — When a body is excited, 
the rate at which it will return to its normal condition 
depends upon the substances in contact with it. In dry 
air, the excitement will continue a long time ; touched with 
a neutral rod of glass or resin, no sensible change is pro* 
duced. In damp air, the excitement soon vanishes, and a 
touch of the finger or of a rod of metal instantly causes 
the discharge. Bodies which thus allow the electricity to 
pass through them are called condiLctors ; those which 
do not, insulators. Bad conductors receive and part with 
electricity very slowly; if touched by an excited body, 
they receive electricity only at the point of contact, and if, 
when excited, they are touched, they lose electricity only 
at the point touched. Good conductors can only be 
excited when their communication with tjae earth is cut 
off. A metal rod shows no signs of electricity when 
rubbed, unless provided with a glass handle or otherwise 
insulated. 

The following list will give a general idea of the position of 
the most important bodies as respects their conducting powers, 
beginning with the worst: Dry gases, gutta-percha, vulcanite, 
collodion, shellac, sulphur, amber, resins, silk, dry fur, glass, ico, 
volatile oils, fixed oils, vegetable fibres (string), animal bodies, 
water, saline solutions, flame, melted salts, charcoal, the metals. 
The relative conducting power of metals for electricity and for 
heat (47) is nearly the same. The most perfect insulators allow 
electrical influence to traverse them but by induction (85), not 
by conduction. The earth is the great common reservoir whence 
all electrical excitements proceed, and to which they all tend. 

82. Electroscopes serve to indicate the presence of excite- 
ment by the divergence of light bodies similarly charged. 
One of the best is Bennett's, composed of two slips of 
gold leaf attached to the brass cap of a jar. On the ap- 
proach or contact of an excited body, the leaves diverge. 
In order to determine the kind of excitement, it is only 
necessary to charge the instrument with electricity of 
known charfl-cter. As opposite electricities attract, the 
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movement of the light bodies, will at once indicate that 
of the substance to be tested. 

Electrometers measure the relative amounts of electrical 
force. It is found that the force of attraction and repul- 
sion is directly as the amount of electricity, and inversely 
as the square of the distance of the bodies. 

83. Electrical Tension. — The tendency of excited bodies 
to equilibrium is called their tension, and may be com- 
pared to a stretched spring. The equilibrium is restored, 
(1) By conduction, (2) By disruptive discharge (spark). 
(3) By convection, in which a body, as air, in contact with 
the excited object receives electricity, is repelled, and trans- 
mits it to a neutral body or one of opposite excitement. The 
velocity of electricity of high tension is as great as that 
of light, when of low tension it is much less. The dura- 
tion of the electric spark is inconceivably short. It takes 
always the path of least resistance, which may not always 
be the shortest; hence the zigzag form sometimes seen. 
When electricity passes continuously, it is called a current. 

84. Distribntion of Electricity. — Electricity of high ten- 
sion resides only on the outside surfaces of bodies; when 
of feeble tension, it may pass through the whole mass (as 
in a wire carrying a feeble current). 

When the surface is a sphere, the electricity is uniformly 
distributed ; on departing from this form, it tends to accu- 
mulate at the smaller portion, and will pass rapidly and 
quietly to and from points or sharp edges. The greater 
the surface over which a given quantity of electricity is 
distributed, the less its intensity. 

85. Indnction of Electricity. -— An excited body may 
disturb the equilibrium of a neutral one without contact, 
its influence being transmitted through the intervening 
insulator (dialectric). In this case the second body nei- 
ther gains nor loses electricity, and returns to its normal 



ELKOTRIOITT. 59 

condition af soon as tue excited body is removed. If, 
however, while excit-ed it be touched, a portion of elec- 
tricit; of the same name as that of the excited body will 
pass t« the earth, and the body will remain exc'ted after 
the removal of the disturbing object, but with electricity 
of an opposite name. This action takes place by a polar- 
igation of the particles of the intervening dialectric. 
The thinner the dialectric the more decided the induction. 
All insulators are not alike in the power of thus transmit- 
ting the excitement. A piate of shellac offers only one 
half as much resistance as one of air of equal thickness. 
The relative facility of induction of bodies compared with 
air as a standard, is called their specific mduclwe capacity. 
If a positiTely eicited rod be approached to the Bennett's plei;- 
troBCOpe (82), the leaves will diverge: the cop will he found to he 
negative, the lower eods <if leares positicc. On withdrawing the 
rod, the leavea fall, nnd all exeltement diHuppears. If, however, 
while the leaves are divergeot, and the excited rod is near ihe 
instrument, the cap be touched with the linger, the leaves will 
fall, and all will be quiet. On nme rennivinj; the rod, the leaves 
diverge, the cap will he found h> be negative, and the lower ends 
of the leaves positive. If we had touched the rod to the cnp. 
the whole would have been charged with positive electricity by 

The action of polarisation maybe understood bj the aceom- 
paDyiag figure (12]. Let A represent the positively excited 
body ; the positive elec- _. j„ 

tricLMf of the particle, 
B, of air Is repelled, 
leaving the side next 
the rod negative. This 
particle acts in a simi- 



ohain ; the lai<t particle, 
C, acts upon the second 
body, driving the + 
electric! ty from Iheside 
B, and causing it to ac- 
cumulate on C. It is obvious that, on the renioviil of A. all cii 
of Hxcitemenl ie withdrawn, and equilihriuui if restored. 
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touching C, however, a portion of + electricity passes to tne 
earth, leaving A and B in opposite conditions, and attracting 
each other. This removes all signs of excitement. On taking 
away A, the negative electricity in B becomes manifest. 

86. Means of Accimnilating Electricity.— The electroph- 

orus, electrical machine, and Leyden jar will be consid- 
ered. The hydro-electric machine is not now used, and 
the induction coil will be described hereafter (108). 

8Y. The Electrophorus, in its usual form, consists of a 
cake of resin and a metallic plate of nearly the same size, 
furnished with a glass handle. The resin is excited, and 
its upper surface becomes negative ; the plate is laid on it, 
touched with the finger, and lifted. The negative elec- 
tricity having escaped, it is charged positively by induc- 
tion, and will give a spark. The disc of metal receives a 
little negative electricity by contact; but as it touches 
the resin in but a few points, and the latter is a bad con- 
ductor, the principal effect is by induction. This is a con- 
venient instrument for the laboratory ; jars may be charged 
by it, and gases exploded. 

88. The Electrical Machine consists of a plate or cylin- 
der of glass, mounted on a shaft, and pressed by felt rub- 
bers. The electricity excited by the friction is collected 
by points and conveyed to an insulated brass cylinder 
with rounded ends, called the prime conductor. The rub- 
bers are attached to a similar negative conductor. As the 
electricity of the rubbers is imparted to the glass, more is 
supplied from the earth by means of a chain attached to 
them. A small quantity of an amalgam of zinc, tin, and 
mercury is applied to the rubbers. It greatly adds to the 
efficiency of the machine, probably by becoming chemi- 
cally changed. 

The Holtz machine consists of a rotating glass disc, in front and 
near to a stationary glass plate or sectors, provided with four 
paper tongues, one at each quadrant of the circle. One of these 
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is charged with electricity from an excited bit of voloanite. 
Electricity is developed upon the surface of the rotating disc 
by induction, and collected as before by points. The machine 
may be regarded as a continuous eloctrophorous. No rubber 
is used. 

89. The Leyden Jar consists of a jar coated inside and 
out to within about three inches of the top with tin foil. 
A baked wood stopper is furnished with a rod having a 
chain at its lower end in contact with the inside of the 
jar, and a knob on its upper extremity. When the knob 
is approached to the prime conductor, a spark passes into 
the jar, and one of the same name will pass to a conductor 
placed near the outer coating. When charged, either the 
inner or outer coating may be touched separately with 
impunity, but on touching both, a shock is felt. If a 
jointed rod with a glass handle be used to make the com- 
munication, a vivid spark will be seen, accompanied by a 
snap. By connecting together a number of such jars, a 
large amount of electricity may be accumulated, and 
effects approaching those of lightning produced. 

If the jar be insulated, but little electricity will pass into it, 
as the tension of the inner coating soon equals that of the prime 
conductor. If, however, the outer coating be in communication 
with the earth, the electricity received from the machine by the 
inner coating drives by induction an equal amount of the same 
name to the earth, leaving the outer coating negative. This 
attracts the + electricity so strongly that it cannot manifest 
itself by its action on any outside neutral body, and will not 
produce spark or shock (latent or disguised electricity). Still, 
the positive electricity is prevented from passing to the negative 
by the glass. If a communication he opened between the coat- 
ings, equilibrium is yistantly restored. Owing to the resistance 
of the dialectric (85) the attraction of the -f- and — electricity is 
not quite sufficient to cause them to hold each other in a per- 
fectly quiescent state, and a slight manifestation will be per- 
ceived on touching either coating ; indoed, a jar may be dis- 
charged slowly by alternately touching the coatings. The thicker 
the glass, the more manifest is this condition of things. The 
electricity resides in the glass ; the use of the coatings is merely 
to distribute it. 
6 
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Effects of Electricity.— (1) Physical; (2) Chemical; (3) 
Physiological. 

90. (1) The physical efifects of electricity of high tension 
are familiar. The disruption of solids, magnetisation of 
iron, fusion of wires, ignition of combustibles, result from 
thunder-stroke Some of these physical effects are indirect, 
being due to the heat developed by the resistance of an 
imperfect conductor. Sparks are seen only in a resisting 
medium, as air; in vacuo there is simply an ovoidal tuft 
of light passing between the conductors resembling the 
aurora horealis. The colour of the spark depends upon 
the medium, being blue in nitrogen, crimson in hydrogen, 
and green in carbonic acid. A point giving off + elec- 
tricity presents a distinct brush, a — point simply a small 
star. 

91. (2) Many of the chemical actions of static electricity 
are indirect, such as the explosion of mixed gases (101). 
Among the direct effects may be mentioned the decompo- 
sition of water, of iodide of potassium, hydrochloric acid, 
ammonia, and nitrous oxide. The oxygen and nitrogen 
of the air unite under the influence of the electric spark, 
forming nitric acid, which is found in rain-water after thun- 
der-storms.* Oxygen is converted into ozone (185). 

92. (3) Physiological. — The shock of electricity is far 
miliar to all, the spark from the prime conductor produces 
stinging and rubefaction. A person charged on an insu- 
lating stool feels a prickly heat and glow of the skin re- 
sulting in perspiration. Statical electricity is but little 
employed in medicine. » 

93. Atmospheric Electricity. — The electricity of the air 
is usually -f , as may be shown by raising an insulated 
(conductor upon a pole and connecting it with a delicate 

* It in possible that the nitric acid found in rain-water may be due to 
other causes. 
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electroscope. The earth is negative. Clouds, fogs, and 
rain disturb the electricity of the atmosphere in a marked 
manner. 

Thunder-storms are more frequent in lower latitudes; 
beyond 70° they are unknown. They are generally con- 
fined to the lower strata of the atmosphere. In some 
localities, as California, they are very rare. A cloud 
charged with electricity induces an opposite condition in 
a second cloud, or on the earth. It is thus attracted (85), 
and when the distance is such that the tension of the elec- 
tricity (83) can overcome the resistance of the atmosphere, 
a spark passes accompanied by thunder. This latter phe- 
nomenon is probably due to the noise produced by the rush- 
ing of the atmosphere into the space rendered rare by the 
passage of the spark. Lightning without thunder is due 
to clouds below the horizon, or in the highly rarefied upper 
regions of the atmosphere. When a cloud is of consider- 
able extent, a flash passing to the earth is instantly fol- 
lowed by one in the opposite direction at its distant end 
(return stroke). 

Precautions against Thunder-stroke, — Trees, from their 
height and comparatively good conducting power, attract 
lightning; so with rarefied air, as from barns and chimneys. 
Th«(je should be avoided. Gas and water pipes carry off 
electricity when it has fallen on a building, and thus often 
prevent serious damage. A metallic roof protects a build- 
ing by diffusing the electricity over a large surface, dimin- 
ishing its intensity proportionately, and allowing of its 
escape from the edges and corners of the metal. 

Lightning-rods should be buried sufficiently deep to be 
always in moist earth or charcoal, or connected with a gas 
or water pipe. They are apt to rust off at the surface of the 
ground ; a zinc ball or cylinder will protect from this for a 
long time CI65). Copper is the best material, being about 
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three times as good a conductor as iron, and less liable to 
corrode. The point is tipped with platinum, gold, or sil- 
ver ; the first is commonly used, but is apt to be defective 
from imperfect welding. Perhaps the best point is that 
of Dr. Hare, consisting of a solid copper point imbedded 
in a zinc ball, into which are also inserted pointed copper 
wires, forming a brush. The rod should be continuous 
and solid, as when electricity is being quietly carried off it 
is of low tension and passes through the body of the rod. 
Insulators are unnecessary. Large masses of metal in a 
building should be connected with the rod to avoid the 
lateral stroke. 

Treatment after Thunder-stroke. — The patient should be 

stripped, freely affused with cold water, alternating with 
brisk frictions. Any subsequent symptoms to be treated 
pro re nata. 

DYNAMICAL ELECTRICITT. 

94. Elementary Phenomena. — If a plate of pure or 
amalgamated (97) zinc, and one of copper, be plunged into 
water acidulated with sulphuric acid, no action will be 
noticed. By delicate instruments it will be found that 
the lower portion of the zinc is positive, and that of the 
copper negative, while the portions above the liquid, or 
wires connected theiewith, will be of an opposite polarity. 
By combining a large number of such cups, shocks may 
be felt, and feeble sparks setm. If now the plates be con- 
nected by a wire, or by touching their upper edges, all 
signs of electrical excitement cease, bubbles of hydrogen 
arise from the surface of the copper plate, while tne zinc 
is gradually dissolved ; no gas, however, is seen on its 
surface. The copper plate remains bright and uncorroded 
as long as any zinc is present. The connecting wire rises 
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in temperature, and is found to deflect the magnetic 
needle, and to cause magnetism in a rod of soft iron, if 
coiled around it. If the ends of the wire be tipped with 
platinum, and plunged into acidulated water, the latter is 
decomposed, oxygen arising at the end of the wire con- 
nected with the copper plate, and hydrogen from the other. 
The electricity passes from the zinc (positive) to the 
copper (negative) in the liquid, and from the copper to 
the zinc out of it, thus forming the simple voltaic circuit. 
The portions of the plates out of the liquid are termed 
poles or electrodes, and their polarity is the reverse of 
that of the plates, the positive pole being on the copper, 
and the negative pole on the zinc. The liquid is termed 
the electrolyte, and must be capable of conducting elec- 
tricity, and of being decomposed by it. 

The above experiment constitutes a single case of a very 
extended series of phenomena. We may have a single plate 
and tvFO distinct fluids ; we may reverse the direction of the 
current by reversing the chemical action. The general fact is, 
that all chemical action is attended by the development of an 
equivalent quantity of electricity ; the course of the electricity 
being within the electrolyte from the body most acted on to the 
other. 

95. Theoretical Considerations. — The explanation of the 

foregoing phenomena usually accepted may be briefly 
stated as follows, taking water as the electrolyte, and 
zinc and platinum as the plates. Zinc and oxygen tend 
to combine ; hydrogen will not unite with zinc. When the 
plates are introduced, without touching, a polarisation 
(85) takes place, the atoms of oxygen turning towards 
the zinc, which at the same time becomes positive, while 
the platinum becomes negative by induction (Fig. 13). 
Upon making contact between the two metals, electrical 
equilibrium is instantly restored throughout the whole 
polar chain. At the same time the oxygon unites with 
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the zinc, forming a particle of oxide of zinc, ZnO, which 
unites with the acid; the hydrogen Ihua set free does nut 



pass off, but Qnllos Willi ilie oxyjii'Ti o! the next molecule; 
and HO through the whole polar chain, the last+hydrogen 
in attracted by ihe negative platinum, bat not being 
gupable of combining with it, is set free {^ig. 14). This 
action is repeated until all the zinc is consumed. As the 
electrical equilibrium is restored aa fast as it is disturtwd, 
it is obvious that in such an arrangement no evidences of 
electrical tension (83) can be observed. It may be com- 
pared to an ordinary electrical machine, in which the 
prime conductor and rubber are connected by a wire. 
The same amount of electricity is developed by turning 
the plate as when the prime conductor is insulated, but 
equilibrium being instantly restored, no sparks or shocks 
can be perceived. 

The ftbore eKplaiiatii>n ia imperfect in Rome respects, and phy- 
sicians Hre nut yet decided upon the thenry of the voltaic circuit. 
Faraday regards the chemical chan^^e as the cause, Schonbein as 
the effect of the action. 

96. Quantity and Intensity. — These terms are much 
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employed in speaking of voltaic arrangements and phe- 
nomena, yet it is difficult at first to get a clear idea of 
their meaning. An illustration drawn from the subject of 
heat may aid the student. A grain of platinum wire 
heated to intense whiteness, if plunged into a pint of 
water at 40° F., would only raise its temperature about 
,'ij of a degree ; its quantity of heat is therefore small, 
while its intensity is great. Ten pints of warm water, in 
which the hand may be comfortably immersed, would raise 
the same to about 94° F., or 54° ; yet, although the quan- 
tity of heat is relatively much greater, its intensity is 
less, and by no known means can we convert heat of low 
into that of high intensity. 

Electricity of small quantity and great tension gives 
sparks and shocks, and can overleap obstacles. Electric- 
ity of quantity and low intensity develops much heat, mag- 
netises powerfully, and causes a proportionately greater 
amount of chemical decomposition. The former is charac- 
teristic of the machine electricity, the latter of the voltaic 
or current electricity. The method of arranging voltaic 
cells in order to attain the maximum efiFect will be con- 
sidered hereafter (99). 

Faraday and Becquerel have shown by actual experiment that 
the quantity of electricity developed during the decomposition of 
a single drop of water equals that of a coated surface of Leyden 
jar of 32 acres, or that of a powerful flash of lightning ; yet so 
feeble is its intensity, that it could not pass through a film of air 
the J 'jjf of an inch in thickness. 

97. Resistances and Defects. — These may be stated as 
(1) Imperfect conduction, (2) Adhesion of hydrogen to the 
negative plate, (3) Local action. 

(1) Imperfect Conduction. — The electrolyte opposes 

resistance depending on its nature, and increasing with 
the distance between the plates. The plates themselves 
are imperfect conductors, and so are the connecting wires ; 
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the resistance of a wire being directly as its length, and 
inversely as the area of its cross section. We should 
therefore use thick plates, place them as near together as 
possible, and make the connections with short and thick 
copper wires or ribbands. 

(2) Adhesion of Hydrogen. — In the arrangement before 
described the hydrogen arising from the negative plate 
adheres in bubbles, and thus cuts off a large portion of its 
surface ; the gas also acts by reason of its electro-positive 
character (164) to diminish the difference of electrical con- 
dition of the two plates upon which the voltaic action 
depends. It adheres less to rough surfaces, and may be 
chemically consumed or burned (98). 

(3) Local Action. — Commercial zinc contains other 
metals, as lead, tin, cadmium, also carbon. These act as 
small negative plates, causing circuits to be set up on the 
surface of the zinc, eating it into holes, and injuring the 
action of the cell. It is prevented by amalgamation ; the 
zinc is washed with dilute sulphuric acid, and plunged into 
mercury — the deeper the better, — or mercury is rubbed 
over it. The action of the mercury is not clearly under- 
stood. 

98. Forms of Voltaic Cells. ~ VoUa^s original pile con- 
sisted of discs of copper, zinc, and cloth moistened with 
dilute acid or a solution of common salt ; the arrangement 
being copper, cloth, zinc. A sufiicient number of these 
were arranged in a pile or column, the terminal zinc and 
copper provided with wires, and the whole insulated. The 
electroscope shows the zinc end to be positive, and the 
copper negative. On touching the ends, a slight shock is 
felt, and a spark is seen on breaking contact of the wires 
The wires immersed in acidulated water cause its decom- 
position. The pile has been compared to a Leyden jar, 
capable of recharging itself indefinitely. This apparatus 
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is interesting, as showing the identity of frictional and vol- 
taic electricity. 

(1) Single Fluid Batteries. — Various forms have been 
employed; the principle being, however, the same in all. 
I^lates of zinc and copper are alternately connected, and to 
the terminal plates wires are attached ; the plates are im- 
mersed in dilute sulphuric acid, or other electrolyte. One 
of the most convenient, where many plates are used, is 
that of Dr. Hare, where two troughs are arranged at right 
angles; in one are the plates, in the other the acid; by 
turning a crank attached to a shaft supporting the troughs, 
the liquid is thrown off or on the plates. They are not 
now often employed. Smee^s cell consists of two zinc 
plates, and between them, but insulated by baked wood, is 
a plate of silver coated with finely divided platinum, to 
roughen it. Dilute sulphuric acid, 1 part to 1 of water, is 
used as the electrolyte. The roughness of the negative plate 
prevents to a great extent the adhesion of the hydrogen. 
It is a convenient arrangement, much used in electro-plat- 
ing, telegraphs, and for exciting the induction coils known 
as electro-magnetic machines. In the sulphate of copper 
cell a solution of blue vitriol is used as the exciting fluid. 
No hydrogen* escapes from the negative plate, as it is con- 
sumed by the oxygen of the oxide of copper, sulphuric 
acid being set free to act upon the zinc, and metallic cop- 
per deposited on the negative plate. The reaction may be 
thus expressed: Zn-f CuO,S03+nHO=ZnO,S08+nHO-|- 
Cu (186). This form is rarely used, as the copper deposits 
on the zinc on account of local action, and the sulphate of 
zinc formed is decomposed by the current, and zinc is depos- 
ited upon the copper. If employed, both plates should be 
well scrubbed after each immersion. 

(2) Double Fluid Batteries. — These have a different liquid 
for the positive and for the negative plate, the two being 
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separated by a porous cell, which allows of the transmis- 
sion of the electrical effect, but prevents to any consider- 
able extent the admixture of the liquids. DanieWs Constant 
Battery consists of plates, generally concentric cylinders, of 
zinc and copper. Next to the copper is a saturated solu- 
tion of sulphate of copper, then a porous cell, and in con- 
tact with the zinc, dilute sulphuric acid. The action is 
essentially the same as in the cell last described, but the 
porous cell prevents the contact of the copper solution 
with the zinc, and thus avoids the deposition of that 
metal on the positive plate, and vice versa. The reaction 
may be exi)ressed thus: CuO,S03H-HO,S03-fZn = ZnO, 
S03-t-HO,S03-f Cu. The sulphuric acid set free during the 
reaction, passes through the porous cell and maintains a 
uniform chemical action on the zinc. This battery is cou'- 
slant for days, and is largely used where great intensity 
is not required. The liquids however will gradually mix 
by osmose (132), rendering it necessary after a time to 
clean the zinc plate. Gravels consists of a zinc and pla- 
tinum plate separated by a porous cell ; the zinc is excited 
by dilute sulphuric acid ; next to the platinum is concen- 
trated nitric acid. The hydrogen is consumed by the 
oxygen of the nitric acid at the surface of the negative 
plate. The reaction may be given as Zn4-H0,S03+H0, 
N05=ZnO,S03+2HO+N04. The force of a Voltaic circuit 
is caeteris paribus equal to the amount of chemical action 
at the surface of the positive plate, less that necessary to 
effect the decompositions. The last atom of oxygen of 
nitric acid is loosely combined and readily unites with 
the hydrogen of the electrolyte. Nitric acid batteries are 
therefore the most intense known. 

In Bunsen*s cell dense carbon is substituted for platinum; 
these are much cheaper than the last, but more troublesome and 
less intense. A solution of bichromate of potassa 1 lb., sulphuric 
acid 2} lbs., and water 1 gall., is advantageously substituted for 
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nitric acid in Bunsen's battery, no fumes being given' off. 
Chromic acid is liberated and yields its oxygen to burn the hy- 
drogen, depositing green sesquioxide of chromium CraOa. In 
the Maynooth battery iron replaces platinum, becoming passive 
in strong nitric acid. This is a cheap and intense combination, 
but troublesome to manage. 

99. Combination of Cells. Electro-motive Force. — Prop- 
erly speaking, the term battery is applied to a collection 
of cells or elements united. It is frequently used to sig- 
nify a form of cell. It must be borne in mind that the 
chemical and electrical effects in any voltaic circuit are 
equivalent and mutually dependent ; whatever retards one 
diminishes the other. The greater the resistance to the 
passage of electricity, the less the amount of chemical 
action, and the less the quantity of electricity developed. 
Therefore by diminishing resistance, or by increasing tn- 
tensity, the quantity of electricity from a given positive 
surface will be proportionately increased. To increase in- 
tensity, a number of cells are employed, the zinc of one 
connected with the copper of the next, as in Yolta's pile. 
Here each cell gives a new impulse to the current; but 
as the quantity developed depends upon the size of the 
plate or the number of polar chains (95), increasing the 
number of cells in this way only indirectly increases the 
quantity developed by augmenting intensity, and thus 
overcoming resistances. This combination of quantity and 
intensity is termed electro-motive force. The maximum 
effect is found to be produced (Ohm's law) when the resist- 
ance in the closing arc and that in the battery are equal. 

The product of quantity by intensity is a constant. If we had 
a pair of plates of 100 square inches of surface, we might desig- 
nate the quantity by 100 and the intensity by 1. If we cut this 
into one hundred plates of 1 inch square, and connect them alter- p 
nately, copper and zinc, the quantity is but jj^ of its former 
amount, or 1, while the intensity is 100. It is obvious that by 
connecting all the zinc plates together, and similarly all the 
coppers, we have the same effect as in the two original plates. 
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Again, suppose we bad two large plates, say of 1000 square 
inches each, if we had to pass the current around a piece of soft 
iron by means of a short thick wire, we should probably attain 
the maximum magnetic effect by using the two single large 
plates, as here quantity, not intensity, is required. If we plunge 
the wires of such a cell into acidulated water, no decomposition 
will take place; there is not intensity enough to traverse the 
electrolyte ; cut each plate into two of 500 square inches, and 
join them consecutively, decomposition will begin, but by cut- 
ting each into four of 250 square inches, we should probably 
get the maximum effect. Although the amount of water decom- 
posed depends upon the quantity of electricity passing, we have 
gained by diminishing surface to one-fourth, in order to quad- 
ruple intensity, 

100. Effects of Voltaic Electricity. — 1. Physical; 2. 

Chemical; 3. Physiological. — 1. Physical. Deflagration. 
When electricity is resisted, it develops heat. The 
amount of heat developed is directly as the resistance, 
multiplied by the square of the intensity of the current. * 
By passing a powerful current through thin metallic 
wires, they are heated, fused, or burned. This fact is 
applied to submarine blasting, etc. When the current 
passes between carbon poles which are touched and then 
separated, an arch of flame passes, the carbon becomes 
white-hot, is softened, and carried over from the positive 
to the negative pole. The light is intense (electric light), 
and the heat the highest attainable by artificial means. 
The phenomena are observed in vacuo or in a neutral 
gas. 

101. Electro-Magnetism. — If a current be transmitted 
from north to south above a compass-needle, or from south 
to north below it, the north pole will deflect to the east, 
and remain in a position due to the combined deflecting 
power of the current and directive tendency of the earth's 
magnetism. If the direction of the current be reversed, 
the deflection will also be reversed. By increasing the 

* Db la Rivjs, TraiU d'ElectnciU, t. II., p. 177 
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number of turns of the wire around the needle, the effect 
is correspondingly increased, less the retardation' of the 
current due to the increased length of wire. By using an 
astatic needle (74), one bar being placed within the coil 
and one above it, a very delicate index of the direction 
and the force of currents is obtained. This is called the 
Galvanometer. The poles of the magnet, moreover, tend 
to revolve around the wire, but in opposite directions ; no 
such rotation is seen, therefore, unless the current is al- 
lowed to affect but one pole at a time. When the current 
passes in the direction from the face to the back of a 
watch, the north pole will rotate in the direction of the 
hands (right-handed rotation) , and ince versa. If the wire 
be free to move and the magnet stationary, the wire will 
revolve. 

102. Ampfere's Theory. — Ampere supposed that in a 
permanent magnet each particle might be considered as 
surrounded by a constantly circulating current of elec- 
tricity ; the effect would be the same as of that of all these 
currents united, and passing around the magnet ; the direc- 
tion of the current is right-handed when we look at the south 
pole. Wires carrying parallel currents in the same direc- 
tions mutually attract; when the currents arc in opposite 
directions they repel. Wires carrying currents in the 
same direction, but not parallel, tend to become so. These 
facts maybe shown by experiment. A consideration of the 
foregoing will render clear the whole phenomena of elec- 
tro-magnetism. 

Fig. 15 represents a model devised by the author for rendering 
clear these somewhat difficult points. N S represents a perma- 
nent magnet; A, a disc of tin with an arrow cut out of it, re- 
presents the direction of Ampere's supposed current, and will 
serve to show the difference between the right- and left-handed 
rotation and the (»pposite polarity of the front and back of a cur- 
rent (103). A wire, B, supposed to carry a current, passes from 
N to S above the needle, and S to N below it ; it will be seen 
7 
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at once that when the N. pole of the needle turns to the east, 
the two currents are parallel. (Fig. 16.) 



103. Circular Corrents Magnetic. — If a piece of wire 
be bent into a circle, or, better, coiled into a helix (like a 
corkscrew), and have soldered to itfi ends a small plate 
of zinc and one of copper, and be floated on the surface 
of acidulated water, it will be found to arrange itself in 
the magnetic meridian, and to be attracted and repelled 
by the magnet (De la five's ring). In any case, if the 
current be circulating in the direction of the hands of a 
watch, the north pole will be towards the back of the 
watch, and vice versa. Hence one side of the wire has 
N,, and the other S. polarity. 

Ro/jel's Oscillating Helix shnws this fact in a striking manoer. 
A helix of tolerably fine wire is fastened to a sapport, and con- 
neoted with one pole of a battery ; Che other pole is in contact 
with a oup of mercury, into which the lower end of the helii 
dips. This completes the circuit. As the upper and lower sides 
of the coils of the helix have opposite polarity, they mutually 
attract. This shortens the helix, and the point is raised out of 
the mercury. The current is thus interrupted, the magnetic 
polarity ceases, and the point of the wire fnlla again into the 
mercury. A constant oscillation is thus maintained The intro- 
duction of a permanent magnet causes a more rapid contraction. 

104. Electro-Magnets. — By coiling wire .tround soft 
iron, powerful temporary magnets may be produced. The 
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magnetism continues so long as the current continues to 
flow, and ceases when it is interrupted. Magnets on this 
principle have been made to support a ton, and to show 
that all bodies are more or less influenced by the mag- 
net (11). 

When the quantity of electricity is more than sufficient, the 
magnetism of the bar does not cease upon its interruption, but 
the armature adheres with a slight force. If, however, a thin 
piece of brass or paper be placed between the magnet and arma- 
ture, no such residual magtietism is noticed. It instantly ceases 
when the keeper is forcibly removed, after breaking the circuit. 
If a considerable length of wire be coiled so as to form a thick 
helix, a bar of soft iron will be drawn up into its centre or core, 
and there remain suspended without any apparent means of sup- 
port. {Axial Magnetism.) 

105. Applications of Electro-Magnets. — -&ngftne« have 

been constructed to be moved by electricity. Apart from 
other considerations, the cost of the zinc necessary to pro- 
duce a certain mechanical eflfect, compared with ordinary 
fuel, forbids the expectation of their useful employment 

Magnetic Telegraphs. — As there is no practical limit to 
the distance to which electricity may be transmitted 
through a good conductor, and as a current of electricity 
will induce magnetism in a core of soft iron which may 
be discharged at pleasure, it is obvious that we can, by 
causing the armature of the magnet to make signals, com- 
municate through indefinite distances. To make and 
break the circuit with ease, a key is used by which two 
ends of the wire are pressed together easily. As the cur- 
rent becomes very feeble from the resistance of the long 
conducting wire, a relay or receiving magnet is used. In 
this the current from the distant station passes around a 
delicate electro-magnet, the armature of which is allowed 
the least possible quantity of play. This acts as the key 
to a local battery close at hand, which works the recording 
apparatus. The signals may be arbitrary, by strokes of a 
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t^ell, or by a. mural alphabet of dots, dashes, and spaces 
(Morse), or by exceedingly ingenious arrangements the 
message may be printed (House, Ilughes), or even sent 
autograph ically (Chemical Telegraph). It is impossible 
10 enter into details here. 

The fulluninj; sketuh will serve to give (lie student a rough 
iilen nf the nrrnnjrenieiit iif n line uf Murse telegraph. In proo- 
tiue, the oiirreiit Ih cuiitinuiilly passing through the maiu nne, 
nnd is bnikeii tii make the HignaJa: 



ine buttery ; B, Bignal key ; C, mn 
-.s ; E, groiiiid plates : F, reliiv : ( 
if wire of local uivuuit, ihe oili'i-i- U 
I lit the relay magnet ; — when the in 
tt, thene ends nre bniught in eonia 
leteil ; — I, Iwal battery : K, re 
e current passes, draws its armature, L. nliich 
pi-e-se-i tiiepuiTit, P, as^iiist a fillet c.f paper pOBaing uver the 
ri'ller. K. Tlie recorilhig apparatus is not necessary. A gnud 

r'V]iliir will be iibte tu read the Morse alphabet by the Kuunil 
ihi- cliibing of tlic relay. A single wire only is emphned. 
the circuit being completed thrungh tiie earth by means iif the 

Magnetometers. — As the qnantity of magnetism de- 
veloped is proportionate to that of the electricity passing 
(up to the point of saturation), electro-magnets are used 
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to measure currents of considerable power by noticing the 
weight necessary to detach the armature. 

106. Induced Cnrrents. — If a tolerably long wire be 
connected with a cell or battery; no spark will be seen on 
making the connection ; but on breaking it, a vivid spark 
will be visible, which will be greater in proportion to the 
length of the wire and the power of the cell, up to a cer- 
tain point ; at the same time a slight shock will be felt. 
This is the extra current of Faraday, and probably de- 
pends upon the disturbance of the normal electricity of the 
wire by the current of low intensity passing through it. 
Its direction is opposite to that of the battery or primary 
current. The two may be separated by coiling the wire 
from the battery (primary wire) and placing a second 
similar coil (secondary coil) parallel to it, but insulated 
from it ; (ribbands are better than wires.) On making con- 
tact with the battery, a feeble shock is felt on grasping the 
ends of the ^secondary wire, but on breaking it the shock is 
marked and sparks may be obtained. In this case but 
little extra current is noticed in the primary wire. By 
continuing the experiment, currents of decreasing intensity 
may be induced in a third, fourth, and as far as a ninth 
coil or spiral ; in every case the current induced is mo- 
mentary, and in a direction opposite to that of the inducing 
one. We have thus a means of obtaining electricity of 
tension by means of the voltaic current. 

107. Electro-Magnetic Machines. — Under this name in- 
duction coils are sold and much used in medicine. Their 
construction is simple. Around a spool is wound a short 
coarse wire wrapped with silk, to insulate its turns. Out- 
side of this is wound a long fine wire similarly wrapped. 
The inner (primary) wire is connected with the cell ; to 
the outer one are attached convenient handles for commu- 
nicating the shock. The circuit in the primary wire is 

7* 
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brokeD by any suitable means, as by drawing it over a 
rasp, or by the automatic break described below. On each 
contfict and break a current is induced in the secondary 
wire; that produced on the break being much more in- 
tense. These to and fro currents are felt upon grasping 
ihe handles. A bundle of soft iron wires introduced into 
the primary coils incruasiis the shock by becoming mag- 
netic (electro-magnetism [111] ); by withdrawing them 
^■radually, the sLocL? may be reduced. 

It may be well fi)r the student clearly to understand the autj>- 
nmtic lireHk-piei^e iittui:hed tn the nppar&tuB usually siild, as it 



The wire. A, Fig. 18, from the battery in fastened to a binding 
ficrew, H, whence a wire piiBses to tlie metallic pi)st, B. which 
ha» i>n it a [H>int. C, tin^ with plHtliium. I'bis rests ngainst a 

Flatiniim xprijij;. D. wliieh carries ;tt its top a piece of soft ir>ii. 
'mm the Umer part of ihf. Hprins th" primary wire passes imiiiiiil 
lliu small eleeen>-uiai;net. h. and thence to its eiiii and baek to 
Ihe ImMerv. On making voiinection. the current passes thnni^rli 
the pn^t B. spring D. and aniiind tLi> elc<:tr<i-ma);net E. This 
then uttrnetH its keBjier, and draws the spring away from tha. 
]>ohit C. The circuit is thus broken, the a[mng flies back and 
inatanlly reiiewE it. This takes phute many times in a secimd. 
producing a pecnli.ir humming. Tlie point C is ndjustable hj 
meariH of a screiv. 
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108. The Rnhmkorff Coil is simply a large appaiatas, 
similar to the one described. The external wire in one 
recently made for Mr. Pepper is one hundred and fifty 
miles long. It is proyided with a large surface of tin foil 
packed in the base, to distribute and weaken the extra cur- 
rent (106). The electricity flows in but one direction, as 
the induced current set up on making the primary connec- 
tion is too feeble, to travel the whole length of the outer 
coil. By means of this apparatus sparks of eighteen inches 
in length may be obtained in rapid succession, and all the 
phenomena of statical electricity shown with a splendour 
before unknown. 

Although the name of Ruhmkorff is attached to this appa- 
ratuH, the credit belongs mostly to others. Prof. Henry inves- 
tigated the phenomena of induced currents. Faraday invented 
the concentric coils; i'e la Rive the automatic break-circuit; 
Fizeau the condenser. In Ruhmkorff's original coil he obtaineii 
a spark of one inch. After Fizeau's improvement, Hearder, by 
more careful insulati<»n, reached three inches. Mr. E. S. Ritchie, 
of Boston, bv a new method of winding and insulution, arrived 
at the eighteen-inch spark above mentioned. 

109. Chemical Effects of the Voltaic Cmrent — These 
will be considered under the head of Chemical Decom- 
position (162). 

110. Physiological Effects. — These vary with the 
strength and direction of the current and the mode of its 
application. A moderate current produces contractions, 
when sent in the direction of the distribution of a nerve 
of general sense, and pain, and sometimes paralysis when 
reversed. The phenomena are noticed only upon making 
and breaking the circuit, but it is by no means certain that 
the influence of the current is not exerted during the whole 
time of its flow. Nerves of special sense, except the olfac- 
tory, are excited so as to give rise to the sensations 
proper to them. The muscles may be excited by passing 
currents of considerable intensity across them, independent 
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of the direction of the nerve fibres ; and when the nerves 
are paralysed, the muscles sometimes still contract under 
such influence. The secreting organs and absorbents are 
stimulated by electricity ; the blood is coagulated around 
the positive, and rendered more fluid around the negative 
pole. Chemical substances can probably be introduced 
into the system or removed from it by the same agent 
For the medical applications of electricity, see (117). 

MAGNETO-ELECTRICITY. 

111. As a current will induce magnetism; so, recipro- 
cally, a magnet will induce an equivalent amount of elec- 
tricity. If we introduce into a coil of wire the pole of a 
permanent magnet, a galvanometer will show the presence 
of a momentary current in the wire, the direction depend- 
ing upon the name of the pole introduced. 

112. Magneto-electric Machines. — Opposite the poles of 
a powerful horse-shoe magnet are placed two soft iron 
armatures, wrapped with insulated wire; they are so 
arranged as to be rapidly rotated by means of a multiply- 
ing wheel. The keepers become magnetic by induction, 
the electricity induced by them in the wires is conveyed 
to handles, and may give rise to sparks, shocks, and de- 
compositions. The currents being to and fro, are thrown 
into the same direction by means of a commutator or pole 
changer. 

As powerful magnets are produced by comparatively feeble 
currents, so they are required to give satisfactory results in the 
apparatus above named.* As no batteries are required, and the 

* By using the magneto-electric current, as the primary, to excite a 
powerful electro -magnet, and using this again as a source of electricity, 
Mr. Wilde has obtained an electric arch having three times the actinic 
power of the sun. It is manifest that the mechanical force required to 
turn the machine is here converted into electricity. — Chem. Neicn, Nos. 338, 
339. 
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rotation may be performed by machinerj, attempts have been 
made to use magneto-electricity in telegraphs, electro-plating, 
and electric light, but with partial success. For medical use the 
absence of an exciting cell certainly constitutes an advantage, 
counterbalanced however by the comparatively feeble current, 
and the labour required to produce the rotation. 



THERMO-ELECTRICITY. 

113. As any obstruction to the passage of electricity 
develops heat, so an obstruction to the passage of heat in 
a conducting circuit develops electricity. If an homoge- 
neous, straight, short wire be connected with a sensitive 
galvanometer, and heated, no evidence of electrical current 
will be obtained. If, however, it be bent or twisted, its 
molecular tension at that point is altered, and on heating 
it the needle will be deflected. 

If two dissimilar metals be joined, and the junction 
heated, electricity will pass. This phenomenon is most 
manifest in metals of a highly crystalline structure, and 
which are poor conductors. The order of the metals in 
the thermo-electric series bear no relation to their position 
in the voltaic pile, nor can it be certainly connected with 
their properties as regards heat or other force. The fol- 
lowing is a list of some of the most important, beginning 
with the most positive: Bismuth, platinum, lead, tin, cop- 
per, gold, silver, zinc, iron, antimony. The alloy German 
silver is highly positive. The thermo-electric position of 
alloys is not a mean of that of their constituents. 

114. Thermo-Multiplier. — By arranging a large number 
of bars in a pile, heating one series of junctions, and keeping 
the others cool, a battery may be fgrmed capable of mag- 
netising large bars; by connecting a similar arrangement 
with a galvanometer (101), we have a means of measuring 
temperature far more delicate than any thermometer. 



The methoii of arrai 
Fig. 10. 
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; the bars can be understood from 
the ndJoiciDg figure. Th« 
_ bnra are kejjt Beparate by 
n-con ducting material, 
le instrument made by 
M r. Weygnnt for the Phii*. 
dolphia High School, nill 
'^liiiw the heat from the face 
i' nil observer at the dis- 
iini-c of eight feet,* and 
listinctly that of a fly 
crawling over the pile. 

M. MarcDaf has proposed 
n pile of alloys, the posi- 
tive being, copper 10, zinc 
r>, nickel 6; the negative, 
monj 12, zinc 5. bis- 
raatb 1. Thi8 will bear 
, hi^b temperature, and 
all the effects of the ordi- 
e obtained. 



115. Heat and Gold by Electricity. — Bypassing a current 

of low intensity through the connecting wire, one end of the 
pile becomes heated and the other cooled ; the amount 
of difference of temperature being equivalent to that re- 
quired to produce a corresponding current, making allow- 
ance for the heat developed by the resistance of the con- 
ductors. 

Electricity of Crystals, etc. — Certain crystals when 
heated develop electricity, one extremity becoming + the 
other negative. On cleaving crystals of mica, breaking 
metals, as zinc, or other bodies, as sugar, light is seen and 
electricity manifested. In fact, it may be stated that no 
molecular change can take place in matter unattended by 
electrical disturbance. 

116. Animal Electricity. — 1. Statical. — Certain fishes, 
as the electrical ray and the Surinam eel, have the power 
of giving electrical shocks at will. The electricity being 

• Journal Fi-a«klia InUitalt, Aag., 1SS5. f <!'"•»■ ^'O*, Bo. 280. 
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collected by the condenser and Leyden jar, is found to 
exhibit all the phenomena of that derived from ordinary 
physical sources. The two extremities or sides of the 
animal are of opposite polarity ; the head of the eel and 
the top of the torpedo being positive. The electricity of 
the eel is more intense than that of the torpedo. After 
repeated discharges, the fish becomes exhausted and harm- 
less until allowed rest and food. The electrical organ 
consists of a series of small membranous tubes, which in 
the torpedo are arranged perpendicularly to the back, and 
in the eel longitudinally. These tubes are packed regu- 
larly together, forming hexagonal columns. Each of the 
tubes is minutely subdivided by membranous diaphragms 
forming cells wbich contain a mucous fluid ; these again 
are traversed by a fringe of nerve filaments coming from 
the 8th pair. If communication with the brain be cut off, 
no electricity is developed. 

2. Dynamical. — The existence of voltaic currents in the 
animal body has been demonstrated by numerous experi- 
ments. Matteucci constructed a pile of muscles of recently 
killed frogs and pigeons by which he was enabled to 
deflect the galvanometer as much as 40°, and to decom- 
pose iodide of potassium.* The following are some of the 
more important facts. 1. The poles of a galvanometer 
applied to different surfaces give evidence of the passage 
of a current, as between the skin and mucous membranes. 
2. There are normal electrical currents existing in muscles 
and nerves which are temporarily diminished upon the 
contraction of the former or the sudden action of the 
latter. 3. All the organs of the body exhibit electrical 
currents when they have been divided and the normal 
surface and the surface of the section are brought into 
contact. The direction of the current in nerves and 

* Dk la Rive, TraitS d'Electriciti, tome III. p. 12. 
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muscles is from without to within. The electro-mo- 
tive power lasts after death as long as the excitability 
of the nervous and muscular fibres. 

111. Medical Applications of Electricity. — These are 
becoming more numerous as the subject is better under- 
stood. Among the cases in which it has been successfully 
applied may be mentioned, paralysis, rheumatism, indura- 
tions, certain tumours, constipation, eruptions of the skin, 
amenorrhoea, aneurism, and suspended animation. There 
is considerable diversity in the methods of application, 
and some discordance in the testimony as to their relative 
value. The following are the most important: 1. The 
direct current, which may be continuous, as in the case of 
aneurism; or interrupted, as generally used. Complete 
interruption is not necessary, as by altering the pressure 
on the electrodes a variation in the intensity of the cur- 
rent is produced — the wavy or labile current. Any of the 
voltaic cells heretofore described may be used. Pulver- 
macher's chain consists of a number of zinc and brass 
wires, so arranged as to form, when dipped in vinegar, a 
flexible voltaic pile of some intensity. It is rarely used. 
The interruption may be by hand, by clock-work, or, as in 
Smith's apparatus, automatic. 2. The extra current (106) 
has more intensity than the primary current, and is defi- 
nite in its direction. It is given by the machines of 
Duchenne, Kidder, Chester, Hall, etc. 3. The secondary 
or induced current, obtained from the induction coil (106), 
or magneto-electric machine. The former is to and fro, 
the latter definite in direction. These are the most intense 
currents, and those most generally used They are some- 
times termed faradaic currents, and their application 
faradisation. For the details of the methods of apply- 
ing these currents in various cases, the student is referred 
to the works on medical electricitv. 
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CORRELATION AND CONSERVATION OP FORCE. 

118. As there is no destruction of matter, nor is it now 
created, so force is never lost, nor does it now originate. 
The universe gives us no example of rest, and there is 
reason to believe that even the molecules of matter, when 
apparently at rest, are in a constant state of motion or 
vibration, and that these vibrations give us the various 
phenomena of the physical forces. We may include the 
modifications of force under the heads of gravitation, light, 
heat, electricity, magnetism, chemical affinity, and vital 
force. How these are connected will be evident from a 
few examples. 

Gravitation produces motion, as in falling bodies. Mo- 
tion, when arrested, develops heat (friction, percussion), or 
electricity (90). It also promotes chemical affinity, as in the 
synthesis of alcohol (144); and • decomposition, as in the 
explosion of chloride of nitrogen. It may be produced by 
heat (expansion, etc.), electricity (pith-balls), magnetism 
(magnetic toys), ch^nical affinity (indirectly), and the 
vital force. The fact that heat and motion are mathemati- 
cally equivalent has been shown (35). 

Light produces chemical change (the growth of trees), 
and perhaps magnetism. 

Heat produces motion, light, electricity, and it affects 
magnetism. Magnetism is destroyed by a red heat, and 
bars may be magnetised by heating to redness and sud- 
denly cooling them while they are in the plane of the 
magnetic meridian. Heat causes chemical combination 
(mixed oxygen and hydrogen), and decomposition (gun- 
powder). It is essential to animal and vegetable exist- 
ence. 

Electricity produces motion, light, heat, magnetism, 

and causes various physiological phenomena. 
8 
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Magnetism develops motion and electricity Cby the aid 
of motion), and thus indirectly the other phenomena. 

Chemical affinity develops electricity (galvanism), light, 
heat (deflagrations), and indirectly motion. It is the 
source of vital heat, and probably of all vital function. 

The vital force (if it be a distinct force) develops 
directly and indirectly the others named. It is due to 
chemical change constantly going on in the organism. 
In drawing a match, the vital force produces motion, 
which, being resisted by friction, is converted into heat, 
which develops the affinity between the combustible of 
the match and the oxygen of the air. Combination en- 
sues ; the match burns ; heat is developed by the combi- 
nation, light by the heat, and electricity and magnetism 
might be produced by the agency of a thermo-pile. 



PART 11. 

PRINCIPLES OF CHEMISTRY. 



MOLECULAK FOECES 

Are those which act only at insensible distances; they 

may be divided into ; — 

/ I. Cohesion, the attraction of the particles of the same 
/body. 

/ II. Adhesion, the attraction of the particles of difiPerent 
I bodies without change of properties. 
1 III. CtitEMiCAL Affinity, the attraction of the particles 
I of different bodies with the loss of their specific identity. 

I. COHESION 

11 &. Is believed to be but a modification of the great 
force of universal gravitation (9). It is strongest in solids, 
and imperceptible in gases. It is opposed by heat (49), 
and may be overcome by mechanical force. It may pro- 
duce motion, as in the projection of an arrow from a bent 
bow. To variations of cohesion are due the properties of 
hardness, softness, malleability, ductility, tenacity, brittle- 
ness, elasticity, etc. The nature of these variations, and 
the causes of the differences of the above qualities in 
various bodies, or in the same body under different con- 
ditions, are wholly unknown to us. 

(87) 
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Hardness has nu relntion to density; soft steel chaoges but 
little, if anj, in denaitj, by being hardened. Steel is hardened 
by being heated and then euddenlj cooled ; it Is tempered b; 
reheating and alow cooling ; Uie temper is dratcii down, that in, 
the steel is softened more, as the temperature of the reheating 
is higher. Copper is hardened by slow cooling, and tempered 
by a sudden chill. ElasUcHy is the tendency of a body to 
resume its original furm or volume ; there is no perfectly elastic 
solid body ; air and permanent gai^es are absolutely elastic. 
Tenacity is most marked in bodies that are not crystallina 
(amorphous). Olasa suddenly cooled will fly to pieces ex- 
plosively on its surface beine ecratohed or broken. (Bologna 
phials; Prince Rupert's drops!) 

120. Crystallisation (Qr. krydallos, ice). When the 
force of cohesioa causes the particles of bodies to arrange 
themselves when solid in certain definite georaetrical 
forms, the process is termed crystallisation. Although 
the varieties of crystals are apparently infinite, yet all 
may be included in sis systems, according to the number, 
length, and inclination of their axes. The axes arc imagi- 
nary straight lines connecting opposite sides, edges, or 
angles of the crystals. 

In the first system, monometric 
'=■ " ■ (Gr. monos, one, metrnn, measure), 

the axes arc all equal and at right 
angles. The fundamental form is a 
cube, Fig, 20, and from it may be 
derived the regular odohedron (eight- 
sided figure), which is bounded by 
equilateral triangles; the rhombic 
dodecahedron, having twelve equal 
rhombic sides; the lelrakedron, having four equilateral 
triangles, one as a base, and three as sides; with many 
Others. The following bodies are fonnd in this system: 
most metals, diamond, galena, white iron pyrites, common 
salt, sal-am m on iac- 
In the second system, dimelric {dis, twofold, metron, 
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:e), the axes are at right angles, but only two are 
equal. The fundamental form is a 
right equare prism; Fig. 21; that '^' 

is, a column having a square base, 
a varying height, and standing up- 
right. From it may be derived the 
corresponding octohedron and other 
forma. The following among others 
crystallise in this system : calomel, 
ferrocyanide of potassium, oxide of 
tin, cyanide of mercnry. 

In the third system, Irimetric (irix, threefold, metron, 
measure), the axes are at right angles and all unequal. 
The fundamental form is a right rectangular or right 
rhombic prism, having a rertangle or rhombus for a base, 
and standing upright ; Figs. 22 and 23. The sulphates of 




magnesia, zinc, load, and baryta; nitre, sulphnr (from 
solution) crystallise in this system. 

In the fourth system, monoclinic (Tnonos, one, clino, I 
incline), one of the axes is oblique to the other two. The 
fuudamenlal forms are a right rhomboidal or oblique 
rhombic prism; Figs. 24 and 25. In the former, the base 
is a rhomboid, in the latter a rhombus; the former is up- 
right, the latter inclines. In the former the oblique axis 
is in the base, in the latter in the elevation. Borax, snl- 
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phateB of soda, lime, and iron and sulphur (from filBion) 
are examples. 
In the fifth system, triclinic (tns threefold, chno, I 




incline), none of the axes are at right angles The funda- 
mental form is a prism having a rhomboidal base and in- 
clined ; the oblique rhomboidal prism , Fig 26 Boraeic 
acid and sulphate of copper are examples 

The sixth system, Huxagonal (Gr Hex six giinia 
angle), has four axes, one vertical and parsing through 
the intersection of the three equal honzoutal axes the 
angle between which is 60°. The hexagonal pnsm Fig 
27, and the rhombohedron. Fig. 28, belong to this system. 

Pig. 27. Fig. 28. 



Familiar examples are seen in ice, Iceland spar, quartz, 
and cinnabar. 

121. Formation of Crystals, — In order that crystals 
may form, the particles should be free to move over each 
other, hence the bodies should be fluid. Solid bodifs 
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sometimes crystallise under the influence of long-continued 
vibration, or without apparent cause. 

Wrought iron car-axles, couplings, etc., which are made up 
of bundles of fibres, and have great tenacity, sometimes become 
crystalline and break suddenly ; tough, transparent, amorphous 
sugar (candy) will become after a time crystalline, opaque, and 
brittle. 

122. Methods of Procuring Crystals. — From solution 
by slow evaporation. The larger the quantity of liquid, and 
the more gradual the evaporation, the larger and more 
perfect will be the crystals. A hot saturated solution 
allowed to cool deposits the excess of dissolved matter in 
crystals. Foreign bodies, as sticks, introduced, favour 
crystallisation, the crystals depositing on them as a nucleus ; 
this is frequently seen in urinary calculi. Chemical and 
electrical precipitation often give crystals. A liquid 
obtained by fusing a solid will often crystallise. When a 
solid is sublimed (57), crystals are obtained. 

123. Useful Applications. — When two bodies of differ- 
ent solubility are dissolved in the same liquid, as the 
liquid is evaporated, the least soluble crystallises first. 
Thus, in making salt from sea- water, the common salt first 
crystallises, forming a crust which is scraped off, leaving 
behind the mother liquor, which contains the more soluble 
sulphate of magnesia, chloride of potassium, etc. 

Crystalline form is generally an index of purity, and 
it is exceedingly difficult to determine the true chemical 
constitution of an amorphous (Gr. a, not, morphe, form) 
bodv. 

As bodies generally crystallise in the same form, we 
are often enabled thus to identify them. Some bodies 
crystallise in two systems ; these are termed dimorphous 
(Gr. dis, twofold, morphe, form). The properties of di- 
morphous bodies often differ remarkably with the crystal- 
line form. 
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Sulphur crystallised in the third system has a density of 
2*04; in the fourth, of 1*98. Red iodide of mercury is scarlet in 
the fourth, and yellow in the second. It may be converted into 
the latter form by heating, and returns to the former by friction. 



n. ADHESION 

May take place between solids (striction, cements) ; solids 
and liquids (wetting, capillary attraction, solution, dialy- 
sis) ; solids and gases (absorption) ; between liquids (solu- 
tion, diffusion, osmose) ; liquids and gases (absorption) ; 
between gases (diffusion). 

124. Between Solids. — Pieces of flat glass may ad- 
here so closely as to be inseparable, and show no sign of 
the junction on being cut with the diamond. This is 
termed striction, as distinguished from friction or passive 
resistance to motion, which can only take place during 
motion. Cements are fluid or semi-fluid bodies which ad- 
here to solids and bind them together. 

The line between cohesion and adhesion cannot be sharply 
drawn ; iron and platinum may be welded at high temperatures, 
and dough, putty, or soft clay, under ordinary circumstances. 

125. Between Solids and Liquids. Wetting. — The 

hand plunged into water is wetted ; into mercury, not. In 

one case the liquid adheres to the surface ; why it does 

not in the second cannot be explained. Mercury will wet 

brass or gold or lead, but not glass or iron 

If a clean scale pan be put on the surface of water in a dish, 
it will be found that a very considerable weight will be required 
in the other pan to draw it away ; it is not even then separated 
from the water, a film of which adheres to the bottom of the pan ; 
the weight is then the measure of the cohesion of the water, not 
of the adhesion of the pan. The statement so often made in 
text-books, that in liquids the cohesive and repulsive forces are 
in equilibrium, is inaccurate, as is shown by the foregoing ex- 
periment, as well as by the spheroidal form of drops of liquid 
when not wetting a surface, as m the dew-drop, or water sprinkled 
on a dusty floor or a hot plate. 
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126. Capillary Attractioii — (Lat. capillus, a hair). 
When tubes of fine bore are plunged into a liquid capable 
of wetting them, the liquid rises within and without; 
within to a height much greater than without, and higher 
as the diameter of the tube is less. If the liquid do not 
wet the tube, a corresponding depression takes place. 
The form of the surface is concave in the first case, and 
convex in the second. The height varies with the nature 
of the liquid, and is nearly inversely as the diameter of 
the bore. 



The cause of the rise of the liquid is readily understood ; the 
attraction of the liquid for the sides of the tube causes it to draw 
itself up, and as the weight of the column is comparatively 
slight, it rises until that weight and the cohesive force of the 
liquid balance its attraction for the tube. This also accounts for 
the concave meniscus. The cause of the depression is not so easy 
to understand without the aid of mathematical demonstration. 
Any liquid under the influence of its cohesive force alone will 
assume the form of a sphere, as in oil suspended in a mixture of 
alcohol and water of the same specific gravity, (Plateau's ex- 
periment). Gravity flattens this sphere into a spheroid, as in 
a dew-drop. Adhesion spreads it out, as when water is sprinkled 
on a clean table. The liquid in a tube not being capable of 
being wetted by it, is under the influence of the two former 
forces only. It is hardly necessary to say that the phenomena 
are not due to repulsion. 

Phenomena due to Capillarity. — Fluids rise in the wick 
of a lamp, and as they are burned or evaporated a new 
supply is furnished. A capillary tube, if filled, will not 
run over if broken off, but the liquid will remain at the' 
top. Water does not freeze at 32^ F. in capillary tubes, 
and if not allowed to reach the ends of the tube, liquids 
evaporate very slowly. A small greased needle will float 
on the surface of water. Floating •bodies, when wetted, 
collect in groups or apparently adhere to the sides of the 
vessel. Ropes are contracted with immense force on 
being wetted, and rocks may be split by the expansion of 
wooden wedges driven into holes and wetted. In dry 
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seasons the moisture of the subsoil is brought nearer the 
surface of the porous ground. Capillarity is diminished 
by heat. 

127. Solntion. — When the particles of a solid and liquid 
mutually interpenetrate, the former disappears, and is said 
to be dissolved. It still retains its general properties, as 
smell, taste, colour, and, on evaporating the liquid, is 
recovered unchanged. The dissolving liquid is called a 
menstruum; the most universal solvent is water, next 
glycerine, then alcohol. Why some bodies are soluble 
and others insoluble in a given menstruum, cannot be ex- 
plained. Solution is favoured by circumstances diminish- 
ing cohesion, as powdering and heat; also by stirring, 
which favours intermixture. When a menstruum refuses 
to take up any more of a body, it is said to be saturated. 
A liquid saturated with one substance may still take up 
another, provided it be more soluble. Fine crystals that 
have become soiled may be safely washed with a saturated 
solution of the same ingredient. Although heat generally 
favours solution, yet lime and some of its salts are most 
soluble in cold water, and sulphate of soda at 92° F. 

The terra solution is also generally but inaccurately applied to 
certain chemical operations. Thus, a piece of silver thrown into 
nitric acid disappears with the evolution of orange-red fumes. 
It is said to be dissolved in the nitric acid. This is not strictly 
true, for, on evaporating, transparent crystals soluble in water 
are obtained, but no metallic silver. The change is more com- 
plex, the silver has been oxidised by the oxygen of the nitric 
acid, and a hase^ oxide of silver, formed ; this again has combined 
with another portion of acid and nitrate of (the oxide of) silver 
formed. We have, however, at present no good substitute for 
the word thus loosely used. 

128. Dialysis (Gr. dia, through, lusis, separation). — 
Bodies in solution may be divided into two classes : crys- 
talloidSy those which tend to crystallise; and colloids (Gr. 
kollef glue), those which do not, but form on evaporation 
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a jelly-like mass. On putting a mixture of a crystalloid 
and a colloid into a vessel furnished with a bottom of 
parchment or similar material, the crystalloid will pass 
through while the colloid remains. Colloids exist in two 
forms, — one a clear solution, as white of egg in water 
(peptised, Gr. pepsis, coction), or opalescent, and as the 
same white of egg coagulated (pectised, Gr. pektos, coagu* 
lated). Many bodies pass readily from the first to the 
second condition.* Dialysis must be constantly taking 
place in the animal body. 

Among the applications of this interesting discovery may be 
mentioned the preparation, in a soluble state, of bodies hereto^ 
fore only known as insoluble. Among these are silica, sesqui- 
oxide of iron, stannic acid, Prussian blue. Urea and salts are 
separated from urine, and crystalline poisons from organic mix- 
tures. It must be borne in mind, however, that the process of 
separation cannot be complete. The nutritious juice of flesh has 
been obtained from waste brine by dialysis, and it is proposed to 
render salt meat fresher by the same process.f 

129. Between Solids and Gases. Absorption. — On 
plunginff a bright knife-blade into water, the adherence of 
bubbles of air will be noticed; this takes place to a less 
degree when the surface is roughened. The absorbing 
power of porous bodies is marked on account of the ex- 
tensive surface they present.^ The retention of odours by 
the hair and clothing is a familiar example. Freshly 
burned charcoal will absorb 90 tiines its volume of am- 
monia, 85 of hydrochloric acid, 65 of sulphurous acid, 56 
of sulphuretted hydrogen, 40 of nitrous oxide, 35 of car- 
bonic acid, 35 of olefiant gas, 9*42 of carbonic oxide, 9*25 
of oxygen, T'4 of nitrogen, 5 of marsh gas, 1T5 of hy- 
drogen. The five gases last named are permanently elas- 
tic. Gases eaijily liquefied are most largely absorbed, and 

* Graham, Phil. Trntm., June, 1861. Odling, Chem. News, March« 1862. 
Brande & Taylor, 134. 

t Whitelaw, Chevi. News, March, 1864 
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in some cases the pressure from their condensation is 
enough to liquefy them. The deodourising powers of dry- 
charcoal (206) depend upon this absorption and condensa- 
tion. Platinum, when finely divided, (platinum sponge 
or black,) possesses similar properties. 

130. Between Liquids. Solution. — As a general 
rule, liquids are indefinitely soluble in each other. In 
some cases a point of saturation may be reached. Ether 
is soluble in ten parts of water, and water in ten of ether. 

131. Diffusion. — Two liquids brought into contact 
without stirring will gradually intermingle or diffuse. 
The phenomena are best studied by placing in a jar of one 
liquid a phial containing the second. The laws govern- 
ing the rate of diffusion of liquids have been determined 
by^Mr. Graham, but they are too complex to be discussed 
fully in an elementary work. In solutions, the quantity 
of dissolved substance diffused in the same time is pro- 
portioned to the strength of the solution. Common salt, 
hydrochloric and sulphuric acids have great diffusive 
power; albumen is very feeble in this respect. No di- 
rect relation exists between the specific gravity of a solu- 
tion and its rate of diffusion. 

132. Osmose (Gr. osmos, impulsion). — The diffusion 
of liquids through porous partitions. — If a piece of gut 
be partially filled with milk, tied at both ends, and im- 
mersed in water, it will after a time be found to be dis- 
tended, while the water is slightly coloured by the milk. 
If a bladder, filled with molasses and fitted with a tube, 
be immersed in a jar of water, the molasses will rise in 
the tube, while the water will slowly become sweetened. 
In these cases, the water evidently? passes through faster 
than the other liquid. The same effect is seen when sa- 
line solutions are used. It is to this action that the rise 
of sap in trees is due, and it probably plays an important 
part in animal physiology. Osmose is increased by heat. 
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The cause of osmose are: 1. The diffusive tendency of the 
liquids. 2. Capillary attraction. 3. The unequal absorption of 
the liquids by the septum, the one most readily absorbed passing 
the most rapidly. 4. Chemical action on the septum, the liquid 
acting the most passing the most rapidly. It cannot be due to 
capillary attraction alone, as is asserted by some physiologists, 
for capillarity is diminished, but osmose increased, oy heat. 

133. Between Liquids and Gases. Absorption. — 
The amount of gas which a liquid will take up is directly 
as the pressure, and diminishes with the temperature. 
Such solutions have a lower boiling-point than the liquids 
themselves, and possess, generally, the properties of the 
dissolved gases. When in water, they are known in the 
Pharmacopoeia as J^wa?, as Aqua Chlorinii, Aqua Acidi Gar- 
bonici. Water at 59° F., and under atmospheric pressure, 
dissolves 727*2 vols, of ammonia, 458 of hydrochloric acid, 
436 of sulphurous acid, 3*23 of sulphuretted hydrogen, 
2 36 chlorine, 1 of carbonic acid, 030 of oxygen, 00 147 
of nitrogen, 00 19 of hydrogen.* These are all expelled 
by prolonged boiling. 

The greater solubility of oxygen, when compared with nitro- 
gen, will account for its being found in larger proportion in the 
air contained in natural waters. 

134. Between Gases. Diffusion. — If we put into a 
bottle liquids of different density, and insoluble in each 
other, as water, oil, and mercury, they will arrange them-.^ 
selves in the order of their specific gravities. This is not' 
the case with gases. If we connect two globes, one filled 
with oxygen and the other with hydrogen, by means of a 
narrow tube, the one containing hydrogen being above that 
filled with oxygen, they will be found to intermingle, and 
form a permanent, homogeneous mixture, although the 
oxygen is 16 times as heavy as the hydrogen, — a greater 
difference of specific gravity than exists between mercury 
and water. The law regulating this phenomenon is that 

* BuNSEN, Gaaomefri/, p. 286. 
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the rate of the diffusion is inversely as the. square root of 
the density of the gas. Thus, hydrogen will diffuse into 
oxygen four times as fast as oxygen into hydrogen.* The 
constant constitution of our atmosphere depends upon 
this law. 

The diffusion of hydrogen into air is strikingly shown by 
holding a jar of hydrogen over an inverted porous cell, into 
which has been fastened a glass tube, the lower end of which 
dips into water ; the hydrogen rushing into the cell faster than 
the air escapes, causes a condensation which forces the air in 
bubbles from the lower end of the tube. The separation of gases 
by means of their unequal diffusibility through porous parti- 
tions is termed Atmolysis.f When gases pass through certain 
membranes, they deviate from the above law, those most easily 
liquefied passing most readily. This is owing to the condensing 

Eower of the membrane, and does not really invalidate Mr. Gra- 
am's law given above. The effusion of gases, or their passage 
through small openings in thin plates into a vacuum, obeys the 
same law. 



CHEMICAL AFFINITY 

135. Causes the particles of different bodies to unite, 
with the loss of specific identity. By specific identity we 
mean the properties by which a body is recognised. The 
term, derived from the Latin affinitas^ nearness, merely ex- 
presses the fact that certain bodies tend thus to unite, 
without attempting to explain this tendency. The strength 
of affinity varies exceedingly, some bodies, as chlorine or 
oxygen, uniting actively with nearly all the elements ; 
others, as carbon, boron, and silicon, combining with but 
few, to form compounds of comparatively feeble stability. 

136. Admixture and Combination.— ^^/je.sioM produces 

the admixture of bodies; affinity their combination. In 
the first the properties of the constituents may be recog- 

* Graham, Chemintn/, Am. ed., p. 87. 

t Graham, Comptes Jiendus, t. LVII., p, 181. 
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nised } in the second they are lost. Bodies merely mixed 
may be separated by mechanical means ; when combined, 
only by chemical means. Bodies may be mixed in any 
proportion ; they combine in definite &ndfi^ed proportions. 

Thus, if we mix sulphur and iron filings, we may distinguish 
the constituents by the eye, the iron may be withdrawn by the 
magnet, or the sulphur dissolved out by bisulphide of carbon. 
We may mix a grain of sulphur with a ton of iron, and vice 
versa, or in any intermediate proportion. If we apply heat to 
the mixture, the sulphur and iron combine to form a cinder- 
like mass not possessing any properties of either sulphur or 
iron. It cannot be decomposed except by some chemical agent, 
and if the sulphur and iron be not in the proportion of 4 to 7, 
the excess will remain out of combination. 

In some cases of solution, as alcohol and water, there are phe- 
nomena partaking of the character of those of combination. In 
certain instances the properties of bodies are not entirely lost, 
as in carbonate of ammonia, and rare examples of decomposi- 
tion by mechanical means may be mentioned (161). 

137. OircTunstances Influenciiig Combinatioii. — Chemi- 
cal combination is opposed by cohesion ; it is favoured by 
light, heat, electricity, catalysis, the nascent state, and me- 
chanical force. 

138. Gohesion opposes chemical aflBnity by retaining in 
the respective masses the particles which tend to leave 
them and combine. It is overcome by powdering, fusion, 
or solution. 

Iron in mass requires an intense heat for its combustion, — that 
is, its combination with the oxygen of the air. In the form of 
filings it burns brilliantly in a spirit-flame ; in that of Que- 
vennes iron (Ferrum Redaetum, IT. S. P.) it ignites like tinder, 
and in still finer powder will take fire spontaneously (pyrophy- 
rus). Fusion and solution not only overcome cohesion, but facili- 
tate the mixtm;e of bodies. Seidlitz powders may be kept mixed 
in a dry place for any length of time, but on water being added 
combination at once takes place. Iodine and sulphur are fused 
together in making iodide of sulphur. 

139. Light favours combination. Mixed chlorine and 
hydrogen may be kept for an indefinite period in the dark; 
in diffused daylight they combine slowly ; in the sunlight, 
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explosively. The chemical or actinic power of light 
resides chiefly in and beyond the violet ray. The subject 
will be more fully discussed under Decomposition (156). 

140. Heat is the most usual method of causing combi- 
nation. Oxygen and hydrogen will not combine when 
mixed until a flame is applied. The effect of heat in pro- 
moting combustion is familiar in lighting a fire, candle, or 
gas jet. 

141. Electricity acts indirectly, by the development of 
heat when resisted, as in the electrical cannon or powder 
cup, and directly, as when nitrogen and oxygen are 
caused to combine by passing through them a series of 
electrical sparks. 

In the electrical cannon an insulated wire, passing through 
the vent, is furDished with a knoh ; its inner end does not touch 
the opposite side of the cannon. A spark passing to the knob 
traverses the wire, and has to leap the space between its end 
and the side of the gun. The resistance of the mixed ^ases pre- 
viously introduced develops heat, and they are caused to com- 
bine. In the powder cup, two stout wires are united by a fine 
one, around which gunpowder is placed. A single voltaic cell 
will cause explosion from the heat developed, owing to the re- 
sistance of the fine wire to the passage of the current. Both 
expedients are used in submarine blasting. 

142. Catalysis — (Gr. kata, downwards, and luo, I loose). 
This term merely serves to group together a series of 
hitherto unexplained phenomena. Bodies appear to act 
by their /presence alone. The alloy of silver and platinum 
will dissolve chemically in nitric acid ; platinum alone is 
unaffected. The silver is said to act by catalysis or 
presence. 

143. The Nascent State — (Lat. nascens, being bom). 
Bodies which refuse to combine when in their ordinary or 
free condition, will do so when in the act of being liber- 
ated from combination. In this way large numbers of 
(compounds are formed which could not be obtained by 
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any other means. The compounds of sulphur and phos- 
phorus with hydrogen are examples. 

Sulphur and hydrogen cannot he combined when free, but by 
uniting sulphur with iron, forming sulphide of inm, FeS, and 
tlirciwing this into acidulated water, 110, a mutual interchange 
of atoms takes place, forming FeO, oxide of iron, and IIS, sulphu- 
rotted hydrogen ; the former combines with the acid. 

144. Mechanical Force. — Long continued agitation will 
in rare cases determine combination. Olefiant gas, C4H4, 
(existing in ordinary coal gas,) hydrated sulphuric acid, 
and mercury, shaken for four days in a glass vessel, re- 
sulted in the production of alcohol. 

This interesting di.scovery by Berthelot* has been applied on 
the large scale in France,! but without success in a commercial 
point of view. The reaction may be thus expressed: C4II4 -h 
2IiO=C4lIeOj, (alcohol). The reaction is indirect, and will be 
more fully explained under Organic Chemistry. 



LAWS OF CHEMICAL COMBINATION. 

145. Analysis and Synthesis. — The laws which govern 
the formation of chemical compounds have been ascer- 
tained purely by experiment. The composition of a body 
may be determined by taking it apart (analysis, Gr. anay 
luO, to separate), or in some cases by putting together its 
constituents in their proper proportions (synthesis, Gr. 
syn, tithemif to put together). 

146. Laws. — I. All chemical compounds are definite in 
their constitution, the ratio of their constituents being 
constant. Hence, all bodies combine in certain definite 
ratios (equivalents, combining weights, atomic weights). 
See table (180). 

II. Bodies combine either in their lowest ratio or a 
multiple of the same by a whole number. 

III. The combining weight of a compound U the sum 
of those of its constituents. 

* Chimie >in/iin{>itie, rti., t. T., p. 104. "f CJiem. Neirt, Jan., 1863. 
9» 
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147. Illustrations of these Laws. — I. Pure water is 
found by analysis, no matter what its source, to consist 
of oxygen and hydrogen in the ratio of 8 of the former to 
1 of the latter. If we mix the gases in this ratio and 
combine them, pure water results; if either be taken in 
excess, that excess will remain uncombined. Iron and 
oxygen combine in the ratio of 8 of oxygen to 28 of iron, 
and so by analysis of all known bodies the ratios in which 
their elements unite are ascertained and in many cases 
verified by synthesis. In order to render these ratios 
absolute, one body is fixed upon as a standard ; hydrogen 
is generally taken as unity, having the smallest combining 
weight, and thus avoiding the inconvenience of large 
and fractional numbers. The proportions in which bodies 
unite are termed their combining weights, because thdy 
express the quantities which will exactly combine ; atomic 
weights, hecsiuse they are supposed to represent relative 
weights of their atoms or molecules ; and equivalents, 
because one body taken in its ratio is equal in chemical 
effect to any other body taken in its ratio. 

The U8« of a standard is merely a matter of convenience. It 
is obvious that vre may take 1 of hydrogen to 8 of oxygen, or 10 
of hydrogen to 80 of oxygen, and so on. When in practice we 
have a given quantity of a body, we ascertain the quantity of 
any other, necessary to combine with it by rule of three. Thus 
the combining weight of sulphur being 16, that of iron 28, to 
find how much sulphur is required to exactly combine with 100 
lbs. of iron, we have 28 : 16 : : 100 : 57*14 lbs. of sulphur re- 
quired. The meaning of the terra equivalent will be better un- 
derstood by an example. If in 9 grains of water, HO, we remove 
1 grain of hydrogen and supply its place by iron, forming FeO 
oxide of iron, we must use 28 grains of iron which thus exactly 
unites with the oxygen and performs the same chemical part a.s 
1 grain of hydrogen. 

1 48. 11. Water being composed of 1 part of hydrogen 
and 8 of oxygen, the next combination is hydrogen 1 part, 
and oxygen 16 or twice 8. We may have 14 of nitrogen 
(its combining weight) united with 8, 16, 24, 32, or 40 of 
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oxygen, but in no case does less than 8 of oxygen conibinf'. 
This is true of all elements and compounds. It should be 
clearly borne in mind that the compounds formed by the 
second, third, fourth, etc., multiple of an element, differ as 
much from each other as the first compound did from its 
constituents, and the same is true of most compound 
bodies when united. The apparent exceptions to the 
second law in the case of sesquioxides will be noticed 
hereafter. 

Calomel and corrosive sublimate differ only in the quantity of 
chlorine being double in the latter. The difference of the prop- 
erties of various combinations of the same elements in com- 
pounds will be obvious when we come to the description of the 
bodies themselves. 

149. III. Besides the elements, we have frequently to 
combine compound bodies. The most important of these 
are known as acids and bases. Any body which has a 
sour taste, will redden vegetable blues, and will combine 
with a second compound body to form a new third sub- 
stance, is termed an acid ; a hcise is any body capable of 
combining with an acid and neutralising it. An acid and 
a base united form a salL 

The above definitions are necessarily imperfect, as nature 
never defines. They will, however, do provisionally. We have 
a larg.e class of salts (the haloid group, 224), of which common 
salt is an example, which are not formed by the union of an 
acid and a base. 

To determine the combining weight of an acid or a base, 
it is only necessary to add up its constituents. Thus, hy- 
drated sulphuric acid, HO,S03=:l + 8+ 16 +24=49; po- 
tassa, K0= 39+ 8, = 4T. These numbers are as invariable 
as those given in the table of elements (181), and might 
form a separate table, though the arithmetical process is 
so simple that this is not often done. When a known 
quantity of an acid or base is given, the amount necessary 
to saturate is determined as before by proportion. 
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Thus to neutralise 100 lbs. of hydrated sulphuric acid, HO,SO», 
vith lime, CaO=28, we have 49 : 28 : : 100 : 57-1 lbs. lime. In 
practice, test papers are used to determine when saturation has 
taken place. The most common is litmus-paper, which is red- 
dened by acids and has its colour restored by certain bases 
which neutralise the acid. By having a blue and a feebly red- 
dened paper, and mixing gradually the acid and base, we can 
determine the proper quantity without the necessity of weighing. 

150. The Atomic Theory of Dalton supposes that the 
relative weights of the atoms of bodies are those indicated 
by their combining weights. Of the absolute weight of 
the atoms we cannot even conjecture. Hydrogen being 
the lightest atom, that of oxygen would be eight times as * 
heavy, iron 28 times, and so on. The atoms being sup- 
posed to have the same density, their relative bulk would 
correspond with their respective weights. Upon this 
theory, the laws of combination are easily explained. 

Suppose a trillion of atoms to constitute an appreciable quan- 
tity; call this quantity n. As each atom of oxygen is eight 
times as heavy as one of hydrogen, the quantity n of oxygen 
will be eight times as heavy as the quantity n of hydrogen. 
When they combine, each atom of oxygen unites with one of 
hydrogen, and there being the same number of each, )ne trillion 
or n molecules of water, IIO, will be formed. If, however, we 
take more atoms of hydrogen, n-\-as where a represents the ex- 
cess, than there are of oxygen, those i^ excess will be left un- 
combined, and we shall have the same n molecules of water and 
a of hydrogen will remain. This illustrates the first law. 

An atom is indivisible. Hence, if we add more than one 
atom, we must take two, three, or more, and the weight of the 
added body will be in the ratio of its atomic weight multiplied 
by the number of atoms taken. Calling the weight of oxygen 
eight, if we add to an atom of nitrogen two of oxygen, they Mill 
weigh twice eight, and so on; what is true of a single atom is 
true of n atoms, or our supposed appreciable quantity. (Second 
law.) 

A molecule is composed of two or more atoms; its weight, 
therefore, is the weight of its constituent atoms, and what is true 
of one molecule is true of n molecules, or our supposed appre- 
ciable quantity. (Third law.) 

151. Combination by Volume. — It is easier to measure 

gases than to weigh them. By filling a vessel of known 
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capacity with water or mercury, and displacing this by an 
equal bulk of gas, its volume is at once determined. Know- 
ing its specific gravity, the weight of this volume is found 
by multiplying the weight of an equal bulk of air by this 
specific gravity (193.) 

151. Gay-Lussac's Law. — It is found that a very 
simple law governs combination by volume. Equal vol- 
umes (with certain exceptions) contain equal numbers of 
atoms, and hence are equivalent. If we take a given bulk 
of hydrogen, and call its weight unity, the weight of equal 
bulks of the following gases and vapours will be : nitrogen 
14, chlorine 35*5, iodine (vapour) 127, water vapour 9, 
etc. ; these numbers, it will be seen, are those of the com- 
bining weights of those bodies. 

The most important exceptions to this law are oxygen, which 
with a combining weight of 8 has a density of 16, compared 
with hydrogen as 1 ; its volume is therefore but one-half that of 
hydrogen. The same is true of sulphur (at 1600° F., at which 
temperature its volume becomes constant), phosphorus, and ar- 
senic; while ammonia, hydrochloric acid, alcohol, and some 
other compound vapours have a volume double that of hydrogen 
for an equivalent weight. The volume of oxygen being assumed 
as unity, that of hydrogen and its group is ^, that of the com- 
pound vapours above noticed 4. It will be seen that these bear 
a simple arithmetical relation to each other. In all cases where 
the term equivalent is used in this volume, it will refer to com" 
hining weight, unless otherwise specified. 

152. Symbols; Notation. — The object of chemical sym- 
bols is to express to the eye the elements existing in any 
body, with their exact proportions; also their supposed 
arrangement and the theoretical changes taking place 
during reactions. They are algebraic in their character, 
but not strictly so. 

The initial letter of the Latin or English name repre- 
sents one equivalent^ or atom of the element. Thus O 
represents not only oxygen, but 8 parts by weight on the 
hydrogen scale. Where several elements begin with the 
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same letter, a second small letter is added. Thus P 
stands for Phosphorus, Pt for Platinum, Pb for Plumbum 
(Lead), etc. When it is desired to express more than one 
equivalent of an element^ the number expressing the 
quantity (coefficient) is placed at the right hand and 
below the line. Thus O3, three atoms of oxygen ; Pb2, 
two atoms of lead. 

Two elements combined together form a binary com- 
pound (Lat. bis, twice). This combination is indicated by 
simply joining the two symbols. Thus HO, water, is a 
combination of an atom of hydrogen with one of oxygen. 
The coefficient is placed to the left and on the line. Thus 
2 HO means two molecules of water, and is equal to HjOg. 

In algebra, ab would signify aX 6; but in chemical notation 
no confusion can result, as a symbol represents a substance as 
well as a quantity. To speak of multiplying hydrogen by oxy- 
gen is manifestly absurd. A very common error with beginners 
18 to multiply the combining weight instead of the coefficient of 
the elements by the coefficient of the compound. Thus, instead 
of 2110= HA, or 2Fej08=FeA, we have HA«, or Fei^O^; this 
blunder is most transparent, and yet it is exceedingly common 
with students. 

A ternary compound is one containing three elements 
(Lat. ter, three times). In inorganic chemistry they are 
always made up of two pairs of elements, one element 
being common to both sides. Thus the two binaries KO, 
potassa, and SOs, sulphuric acid, unite to form KO,SOs, a 
ternary compound (sulphate of potassa). Binaries thus 
united have simply a comma placed between them. A 
coefficient placed as for binaries only affects as far as the 
comma, unless a parenthesis or vinculum is used. Thus, 
6(KO,S03), or 6KO,S03, will represent six equivalents of 
sulphate of potassa. 

The importance of the parenthesis may be seen by reducing 
Lhe following formulae to their elements. 3(AgO,POft)=Ag,0,, 
P,0.,; 3AgO,PO,-Ag30„PO.. 
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A quarternary compound (Lat. qimrtOy four times) in 
inorganic chemistry consists of two ternaries. The sign + 
is placed between them. They require the same use of 
the parenthesis as binaries. Thus, KO,S03+MgO,S03, 
double sulphate of p©tassa and magnesia. A» a general 
rule, when a compound breaks up, it is first at the +mark, 
secondly at the comma, and lastly the elements separate. 

Symbols are also used to explain the theoretical changes 
taking place during reaction. If we throw potassium, K, 
on water, HO, it unites with the oxygen, 0, of the water, 
and sets free the hydrogen, H. This may be expressed 
thus, HO+K=KO-|-H. In this case the sign -|- merely 
has the algebraical significance of addition, and does not 
mean combination. 

In writing symbols, the electro-positive element of a compound 
(164) is written first. For the present it will suffice to say that 
in binary compounds the metallic element is written first, and 
in ternaries the base. 

153. Nomenclature. — The object of chemical nomen- 
clature is to indicate the composition of a body by its 
name. It is yet quite imperfect. 

Before the time of Lavoisier the names given to compounds 
were empirical ; many of these are retained as synonyms, and 
it is important for the student to learn both the systematic and 
the empirical names ; a list will be found in the Appendix. The 
following are some examples: Saccharum iSWi/rw?, sugar of lead, 
acetate of lead ; Crocus Martis, saffron of Mars, Oolcothar, 
anhydrous sesquioxide of iron ; lapis infernalis, lunar caustic, 
nitrate of (oxide of) silver. 

All binary compounds terminate in ide, which is affixed 
to the abbreviated name of the electro-negative (164) con- 
stituent. Thus, FeO oj^ide of iron, HgS sulphide of mer- 
cury, NaCl chloride of sodium. The termination uret is 
synonymous, as sulphuret for sulphide, but is now disused 
in scientific works. 

II is to be regretted that it has been retained for the sulphides 
in the last edition of the U. S. Pharmacopoeia, while the other 
urets have been properly chanj^ed to ides. 
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The termination ide gives no indication of the propor- 
tions in which the elements are combined ; this is done 
by prefixes. Sub (Lat. under), an excess of electro-posi- 
tive element; proto (Gr. protos, first), one atom of each 
element ; sesqui (Lat., half as mucji), two of positive to 
three of negative ; Deut (Gr. deuteros, second), or Bin 
(Lat. Bis, twice), two of negative to one of positive; ter 
(Lat. ter, three times), three of negative. The following 
table will be useful in aiding the memory of the student, 
the signs 4- sind — indicating the proportion of the electro- 
positive and electro-negative elements. 

4- — Prefix. Examplr. 

2 or more 1 Sub CujO, Suboxide of copper. 

1 1 Proto FeS, Protosulphide of iron. 

2 3 Sesqui FeaCU, Sesqui-chloride of iron. 

1 2 Deut, or Bin MnOj, Deut or Binoxide of Man- 
ganese 
1 3 Ter SbSg, Tersulphide of antimony. 

• These prefixes are also used with the same meaning for 
ternary compounds. Thus, 2PbO,C4Tl803, 5?/6-acetate of lead; 
FeO.COj, />ro<o-carbonate of iron; 2NH40,3C02, *e.?<mi-carbon- 
ate of ammonia ; KO,2CrOs, &M;hromate of potassa ; FesOjSSOs, 
^cr-sulphate of (the sesquioxide of) iron (inaccurate). 

Confusion has arisen from putting the prefix of the base before 
that of the salt in which it occurs. Thus protosulphate and 
protocarbonate of iron are used to express either the proportions 
of acid and base, or the constitution of that base, generally the 
latter. The prefix per is used to signify any higher compound, 
and is often used for sesqtti, as perchlorido of iron for sesqui- 
chloride. It is indefinite, and should never be employed in 
this way. 

154. Oxygen Acids and Bases. — When the name of a 
metal ends in ium, and it becomes oxidised, so as to form 
a base, the last syllable changes to a. Thus: potassium, 
potassa; sodium, soda; magnesium, magnesia. This 
rule is of limited application ; where not applied, the name 
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of tLf metal in the base is used, the oxygen being 
understood. Thus, nitrate of silver for nitrate of the 
oxide of silver. 

The most usual termination of an acid is in ic, the rarer 
termination ous being used to signify a lower degree of 
oxidation; thus, SO3 sulphuric acid, SO2 sulphurous. 
The prefix hyper (Gr. huper, above) is used to indicate a 
higher degree of oxidation, and hypo (Gr. hupo, under) a 
lower one ; the former is generally abbreviated to per, 
as chloric acid, ClOfi ; hyper or per-chloric, CIO,; hypo- 
chlonc, CIO4. When an acid combines with a base to form 
a salt, the termination ic changes to ate, oiis to ite, the 
prefixes being unaltered. These rules are illustrated in 
the following series. 

Compounds of Chlorine with Oxygen, and their Salts, 

CIO7 Hyper (per) chlor/c acid KOjClOj Ferchlorate of potassa. 

CIOb chloric " KCClOft chlovale ** 

CIO4 Hypo ** " K0,C104 Hypo " 

ClOa chlorous " K0,C103 chlori/e ** 

CIO Hypo " " K0,C10 Ilyj^o " 

Care must be taken not to confound ite with ide. The 
former contains the letter t, which stands for ternary ; the 
latter d, for dual or binary ; this will aid the memory. 

There is no systematic nomenclature for acid, bases and 
salts not containing oxygen. 

The name of an acid only indicates its elements, and not their 
proportions. These must bo retained by memory. The number 
of important oxygen acids in inorganic chemistry is not great, 
and they are arranged in the table below in a manner calculated 
to enable the student easily to commit them to memory. The 
symbols represent the acids when dry or in combination ; in the 
free state they are practically (with certain exceptions) com- 
bined with water. 



-PO Hypo-phosphorous. 
CIO Hypo-chlorous. 
SjOa Hypo-sulphurous. 

10 



Combined Oxygen Acids. 

CO2 Carbonic*. 
SO3 Sulphurous. 
SnOa Stannic. 
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NOi Nitrous. 
SOa Sulphuric. 
POa Phosphorous. 
SiOs Silicic. 
BO3 Boracic. 
MnOg Manganic. 
FeOg Ferric. 
CrOg Chromic. 
AsOs Arsenious. 
AuOj Auric. 

NO4 Hyponitric. 
CIO4 Hypochloric. 



NO5 Nitric. 

PO5 Phosphoric. 

ClOft Chloric. 

BrOj Bromic. 

lOe Iodic. 

SbOft Antimonic. 

AsOs Arsenic. 

BiOs Bismuthic. 

CtsOj Perchroraic. 
MngOy Permanganic. 



DECOMPOSITION 

155. Is the breaking up of a compound body into sim- 
pler forms. It may be considered under two heads. 
(1) Where the constituents of a body separate and remain 
so, or form new compounds among themselves, — decompo- 
sition proper (spontaneous [?] decomposition). (2) Where 
decomposition is effected by the agency of some other 
body, with which an interchange of constituents takes 
place, — decomposition by superior affinity. 

I. DECOMPOSITION PROPER. 

This is seen in all organic bodies after death, under 
favourable conditions as to temperature and moisture. It 
is improperly termed spontaneous, as no change can take 
place in matter without the agency of force. It is favoured 
by light, heat, electricity, catalysis, example and mechani- 
cal force. 

150. Light — The chemical or actinic power of light 
resides chiefly in the violet ray, and beyond this where 
light is invisible, unless concentrated by a lens, when 
it is lavender-coloured. The effect of light in caus- 
ing decomposition is seen in the fading of colours, the 
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growth of vegetation, and it is applied in the art of pho- 
tography. 

Carbonic acid, CO2, is exhaled by animals, and is a product 
of ordinary combustion. It is absorbed by vegetables and, 
under the influence of sunlight, decomposed, the oxygen being 
exhaled and the carbon assimilated. This beautiful balance 01 
animal and vegetable existence is applied in the well-known 
aquarium. 

The principle of the art of photography is easiest understood 
by a description of the daguerreotype. In all cases the steps are 
four : 1. To render the plate sensitive to light ; 2. To expose it ; 
3. To develop the image ; 4. To fix it. 

1. A polished silver surface is exposed to the vapour of iodine 
in a chemically dark room. Iodide of silver, Agl, is formed. 
This undergoes a change (more probably molecular than strictly 
chemical) on exposure to light. An image of the object is re- 
ceived at the focus of a convex lens, in a dark box (camera), on 
a plate of ground glass. 2. This is removed, and the seq^itive 
plate inserted. Objects are visible by the li^ht which they 
irregularly reflect, white bodies reflecting the most and black the 
least. The iodide of silver is most changed when there is most 
light, and thus gives a picture. 3. In order to render this visi- 
ble, the plate is exposed to the vapour of mercury, which adheres 
most where there has been most change. 4. To prevent further 
change, the unaltered iodide of silver is removed by a solution 
of cyanide of potassium. All photographic processes are more 
or less alike in general principle. 

15T. Heat. — Limestone, CaO,C02, when heated, is de- 
composed, the fixed lime, CaO, remaining, and the volatile, 
CO2 passing off. Gunpowder consists of charcoal, nitre, 
and sulphur. When fire is applied, it is converted into 
heated gases, occupying an enormously increased bulk. 
In symbols the change taking place, when the powder is 
not confined, may be expressed thus: C3+KO,N06+S= 
3CO2+N4-KS, the latter forming the smoke. 

158. Electricity may act indirectly by developing heat 
when resisted (141), and directly in the case of voltaic 
decomposition. The latter will be considered under a dis- 
tinct head, ELECTRO-CnEMisTRY (162). 

159. Catalysis (142). — Chlorate of potassa, when heated 
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to redness, fuses and gives off all its oxygen rapidly, KG, 
C105=KCl+06. If mixed with powdered sand or black 
oxide of manganese, the gas comes off quietly, and at a 
much lower temperature. The black oxide is unchanged, 
and may be used over and over again. 

160. Example. — A solution of pure sugar will not fer- 
ment ; upon the addition of a small quantity of any fer- 
menting matter, as yeast, decomposition begins, and con- 
tinues until the sugar is broken up. The ferment is said 
to act by example. We do not really know how it acts. 

161. Mechanical Force. — Although, as before stated 
(135), it is generally true that a chemical compound may 
be decomposed only by chemical means, yet there are im- 
portant exceptions. In some cases the action is indirect, 
as when heat is developed by friction or percussion; in 
other cases it is direct. The two salts, sulphate of alu- 
mina and sulphate of potassa, which united constitute 
alum, may be separated by their different rates of diffu- 
sion (131). Neutral metallic salts, such as those of gold, 
silver, platinum, and copper, are decomposed by filtering 
through charcoal, the metal being deposited on the char- 
coal. This is due to the enormous surface which the 
porous charcoal exposes (206). 

ELECTRO-CHEMISTRY. 

162. When a voltaic current is passed through an elec- 
trolyte (94), decomposition takes place. If the liquid to 
be studied be put into a separate vessel (decomposing 
cell), and the conducting wires be tipped with platinum or 
carbon, its constituents may be separated and examined. 

163. Essential Phenomena. — The amount of chemical 
action in the battery cells, of electricity developed, and of 
chemical decomposition in the decomposing cell, are equiv- 
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alenf. With the same electrolyte the same constituent 
appears invariably at the same pole. 

Thus for 32*5 grains of zinc, Zn, dissolved in the battery, 9 
grains of water, UO, are decomposed, 40*5 grains of oxide of 
zinc, ZnO, formed, and 1 grain of hydrogen, II, liberated. The 
electricity thus generated will, if passed through water, decom- 
pose 9 grains (H=1.0=8), but if through iodide of potassium, KI, 
?K.=39.I=127), 166 grains, or one equivalent will be broken up. 
The oxygen in the first case, and the iodine in the second, appear 
at the end of the wire attached to the + or platinum pole. 
By measuring the amount of gas liberated in a given time, the 
relative quantity of the current may be determined. An instru- 
ment for this purpose is called a voltameter. 

164. Electro-Positive and Negative Bodies. — We 
have thus a means of arranging simple and compound 
bodies according to their relative electrical characters. 
These may be determined: 1. By the decomposing cell, the 
— body going to the -f pole (95). 2. By a simple cell, 
the direction of the current being indicated by a galva- 
nometer. 3. Of two metals immersed in an electrolyte and 
joined, the -f alone is corroded. Of all the elements, 
oxygen is the most negative, coesium the most positive. 
The metals generally are positive to the non-metallic 
bodies. Acids, and all corrosive agents, are negative, 
bases positive. 

No absolutely accurate scale of the relative electrical position 
of the elements can be made. The direction of the current in a 
single cell varies with the electrolyte, and the compounds of 
some of the elements, as nitrogen, have not as yet been decom- 
posed. 

The following list is approximate only ; each element is nega- 
tive to all below it, and positive to all above ; the less important 
elements have been omitted. 

Electro-Chemical Order of the Principal Elementi. 



Electro-negative. 

Oxygen. 

Fluorine. 

Chlorine. 

10* 



Bromine. 
Iodine. 
Nitrogen. 
Sulphur. 
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Phosphorus. 

Arsenic. 

Chromium. 

Tungsten. 

Boron. 

Carbon. 

Antimony. 

Silicon. 

ilvdrogen. 

Gold. 

Platinum. 

Mercury. 

Silver. 

Copper. 

Bismuth. 

lin. 



Lead. 

Cadmium. 

Cobalt. 

Nickel. 

Iron. 

Zinc. 

Manganese. 

Aluminum. 

Magnesium. 

Calcium. 

Strontium. 

Barium. 

Lithium. 

Sodium. 



Potassium. 

Electro-positive. 

The two newly-discovered metals, coesium and rubidium, are 
more electro-positive than potassium. 

These Terms Relative. — As we know of no absolutely 
positive or negative state, we speak only of a body in 
reference to some other combined with it. Thus, zinc is 
negative to potassium but positive to tin, which again is 
positive to gold. Chlorine is positive to oxygen in hypo- 

chlorous acid, CIO, but negative to hydrogen in hydro- 

+ — 
chloric acid, HCl. 

165. Voltaic Protection of Metals. — If a plate of zinc 
and one of copper be exposed to a moist atmosphere, they 
will both, after a time, rust; if joined together, the copper 
remains bright. In the second case a simple voltaic cir- 
cuit is formed, the electrolyte is polarised, the non-corro- 
sive hydrogen atoms face the — copper, and vice versa. 
This principle is applied in Dr. Hare's lightning-rod (93). 

Other illustrations may be mentioned. A tinned basin rapidly 
corrodes when the coating is scratched through, because iron is 

f>ositive to tin ; if coated with zinc, which is positive to iron, the 
atter metal is preserved (galvanised iron). Iron-clad vessels 
speedily foul and corrode in salt water, because of impurities in 
the iron causing local action (97), and still more rapidly when 
they are coppered below the wateir-line only, or when copper 
pipes pass through them. 
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166. Electrotype.— This is the name given to the art of 
cold casting of metals by electricity. As the metals are 
electro-positive, they will deposit from solution upon a 
conductor attached to the negative (zinc) pole. By 
proper management they may be obtained of any desired 
thickness, amorphous and bright, or dead. A gentle 
current, not enough to evolve hydrogen at the — pole, is 
required. The process is largely employed in the arts, 
not only for plating and gilding, but for copying maps, 
engravings, and medals, facing type, etc. 

In silver plating, a solution of cyanide or oxide of silver is 
made in cyanide of potassium. To the + pole is attached a 
plate of silver, to the negative the object to be plated. A feeble 
current is passed, the cyanide of silver is decomposed, the — 
cyanogen* combining with the silver pole, and a corresponding 
q^uantity of silver being deposited upon the object at the nega- 
tive pole. Suppose the object to be plated to be of copper, me 
change may be represented as follows : 

• '+^ 1^ T^ 
— Cu I Ag Cy Ag Cy Ag Cy | Ag 4- before decomposition. 

— + - + - + ^^ 

Cu Ag I Cy Ag Cy Ag Cy Ag | after decomposition. 



II. DECOMPOSITION BY SUPERIOR AFFINITY 

16T. Tbis may be divided into single and double de- 
composition. 

Single decomposition takes place between three bodies, 

two of which are united, the third by combining with one 

of these liberates the other. The general expression of 

the change is : 

+— db H +— + 

AB4-C=AC + B or CB+ A. 

* Cyanogen is a compound body acting as an element and resembling 
ohlorine in its chemical relations (224). 
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Thus when potassium is thrown upon water (152), 

+—++- + 
H0+K=K04-H; 

or when sulphuric acid is added to carbonate of soda, 

+ - - + - - 
NaO,COa-f SO.=:NaO,SO,+ CO.. 

The water of the sulphuric acid is omitted for the sake of sim* 
plicity ; it does not enter into the reaction 

168. Double Decomposition takes place between two 
pairs of elements or binaries (152). These mutually in- 
terchange constituents. The general formula is: 

+- +- +- +- 
AB+CD=AD+OB. 

Thus, when solutions of sulphate of potassa and nitrate of 
baryta are mixed, a white cloud (precipitate) falls. This is 
sulphate of baryta, nitrate of potassa remaining in solution, 

+ — +— +— + — 

BaO,NO.+KO,SO,=BaO,SO,+ KO,NO. -> * 

I 
It is obvious that both acids and bases at the time of the inter- 
change are in a nascent state (143], hence we get many com- 
pounds by double decomposition exclusively. 

169. The circumstances most prominently aflfecting 
these forms of decomposition are insolubility ^ volatility, 
and mass. 

ITO. Insolubility. — Where the compound of any two of 
the constituents of two given soluble compounds is insol- 
uble, that compound will be formed on mixing them. 
Hence it is not possible to give lists of the relative strength 
(so called) of the various acids and bases, for an acid or a 
base may be driven out of combination by one much more 
feeble in the ordinary sense of the term, provided the cir- 
cumstances modifying decomposition come into play. 

Thus potassa will displace baryta in soluble combination. If 
we add solution of potassa to nitrate of baryta, we will have 

* An arrow pointing downwards indicates that the body is precipitated ; 
when horizontal, that it remains in solution; when pointing upwards, that 
it is liberated as 'gas. The signs + and — refer to the eleotro-positive 
and electro-negative constituents. 
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BaO,N05+KO,HO=BaO,HO+KO,NO^ But if sulphuric acid 
be combined with potassa, the baryta will form an insoluble 
compound with it and displace the potassa, KO,S08H-BaO,I10= 
BaO, S03+K0,I10->. This fact is applied in testing in the 

humid way (174). 

111. Volatility. — At the same temperature where 
affinities are nearly balanced, the more fixed body will dis- 
place that which is the more volatile. Hence, compounds 
of gaseous acids and bases, as carbonic acid and ammonia, 
are easily decomposed. And at high temperature, com- 
paratively feeble fixed acids, as boracic, silicic, and phos- 
phoric, will displace the strongest. 

Carbonic acid, which is a gas at ordinary temperature, is 
driven out of combination by all other acids, except the hydro- 
cyanic ; under favorable circumstances, as when in solution 
under pressure, it shows the properties of a powerful acid, dis- 
solving rocks which are unaffected by all other acids except the 
hydrofluoric. Boracic acid has no sour taste, and barely red* 
dens litmus ; it is, perhaps, at ordinary temperature, the feeblest 
of acids, but at a red heat, above which it volatilises, it will 
drive sulphuric acid, which boils at 640°, from its combinations. 

172. Mass. — The quantity of material will sometimes 
determine the direction of chemical change. If we pass 
steam over red-hot iron filings, the oxygen of the vapour 
of water will unite with the iron, and hydrogen will pass 
over. If this be collected and the steam generator de- 
tached, upon passing the hydrogen back over the red-hot 
oxide of iron, it will take up its oxygen, reform steam, 
and leave metallic iron. 



ANALYSIS 

May be divided, according to its object, into Qualitative 
and Quantitative, and, according to the method pursued, 
into wet or humid, dry, by the balance and volumetric. 

173. Qualitative Analysis seeks only to determine 
the nature of a body. Often a body may be recognised 
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by its physical properties, such as colour, lustre, taste, 
smell, solubility, hardness, crystalline form, and specific 
gravity. 

Thus the mineralogist can distinguish most of his specimens, 
and even their localities. In the dry yfnj we are assisted by the 
blowpipe (212). The behaviour of a body in the outer (oxydis- 
ing) or inner (reducing) flame, the colour given to fluxes, enables 
us to decide on its character in a rapid and satisfactory manner. 

114. Liquid Tests. Reagents. — To determine the j^res- 
ence of a body in solution, we have only to add an- 
other which contains a substance capable of forming an 
insoluble compound with one of the constituents of the 
former. A precipitate falls ( 168), and by its colour, solubility 
or insolubility in excess of the reagent, or in other re- 
agents, the nature of the body may be determined. This 
method is applicable where we are seeking to determine 
simply the presence or absence of a body without regard 
to the nature of those with which it may be associated. 
When all the constituents of a body are to be determined, 
we have to proceed in a more complex manner. A diag' 
nosis by exclusion is a preliminary step, adding a reagent, 
as sulphuretted hydrogen, which precipitates a very large 
number of substances. The absence of a precipitate at 
once excludes these and narrows the inquiry to that ex- 
tent. In case of a precipitate, the colour, etc. are noted, 
and by successively applying other reagents a final con- 
clusion is arrived at. 

Examples. — If to a solution suspected to contain copper we 
add ferrocyanide of potassium (340), the absence of a precipi- 
tate or the presence of a brown one would be decisive. If to 
water supposed to be impure we add sulphydrate of ammonia 
(380), the appearance of a black precipitate indicates the pres- 
ence of either lead, tin, bismuth, mercury, cobalt, nickel, silver, 
gold, platinum, iron, copper, or uranium. To determine which 
of these is present, other reagents must be used. The tests will 
be given with the various elements and compounds. 

175. Delicacy of Tests. — The delicacy of a liquid test 
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depends (1) upon the insolubility of the precipitate ; (2) 
upon its opacity. If we add sulphuric acid to a soluble 
salt of lime in strong solution, we get a precipitate of sul- 
phate of lime ; but if the quantity of water be greater than 
400 times the weight of the sulphate of lime formed, it 
will dissolve as fast as formed. Magnesia and alumina 
dre very insoluble, but form gelatinous opalescent precipi- 
tates which may escape the eye, while those formed by 
sulphuretted hydrogen or ferrocyanide of potassium with 
the heavy metals are very opaque, and will be visible even 
when in very small quantity. In comparing the delicacy 
of tests, we always suppose the same quantity of solvent 
to be used. In certain cases, (sulphocyanide of potassium 
with salts of the sesquioxide of iron, for instance,) no pre- 
cipitate is formed, but a distinct colour which is some- 
times a very delicate test. 

176. Spectral Analysis. — By passing the light of a flame 
through a prism or series of prisms, a spectrum is obtained 
(30). That of the sun is intersected with numerous lines 
(Fraunhofer's lines). If into the flame we introduce a 
loop of wire containing a small portion of a combustible 
or volatile body, a line or lines make their appearance. 
These lines are constant in their position and colour for 
the same body. Where the light from one substance 
placed in the flame is caused to pass through its own 
flame, the two neutralise, and a black line is seen. All 
bodies do not yield satisfactory spectra. 

The delicacy of this. test is very great. Bunsen and Kirchoff. 
to whom we principally owe its discovery, calculated that they 
had detected the ^^njfjijsxm ^f ^ grain of sodium. The new 
metals Coesium, Rubidium, Thallium, and Indium were discov- 
ered by its means, and observers are now making investigations 
into the probable constitution of the sun and stars by its aid. 
It is stated that the position and colour of the lines vary, in 
some cases, with the temperature. 

177. Qnantltatlve Analysis seeks to determine not 
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only the nature of a body, but the exact amount or quantity 
of its constituents. It requires considerable experience 
and the most conscientious and scrupulous care to obtain 
reliable results. Of the wet way, by weight, the general 
steps may be thus stated : 1. Weigh the body ; 2. Dissolve 
it chemically ; 3. Precipitate and wash ; 4. Dry, weigh, 
and calculate. 

To take a simple example. A weighed portion of silver coin is 
acted on by nitric acid by the aid of heat as long as red fumes 
are given off. To the filtered solution is added pure hydro- 
chloric acid as long as any precipitate falls. This is put on a filter 
and thoroughly washed with distilled water ; the precipitate is 
then dried and weighed. It consists of chloride of silver, AgCl. 
As the equivalent of chlorine is 35*5 and of silver 108, we can 
readily calculate the amount of the latter present. Thus, if the 
precipitate weigh 100 grains, 143-5=108 : : 100 : 8228 grains 
of silver. 

ITS. Volumetric Analysis.— This is a rapid method, but 
of comparatively limited application. It depends upon 
noting the quantity of a solution of a reagent of known 
strength required entirely to precipitate or neutralise the 
substance under investigation. 

The combining weight of chloride of sodium is 58*50 ; hence 
58 '50 grains of common salt suffice to precipitate 108 grains of 
silver in the form of chloride. If then we dissolve 58 50 grains 
of common salt in enough distilled water to make 1000 grains, 
each grain will exactly precipitate 0*108 grains of pure silver. 
The salt solution, of which a large quantity may be made at 
once, is delivered gradually from a burette, Fig. 36, until pre- 
cipitation is complete, l^his is shown by the fact that the 
addition of the salt solution fails to occasion a further precip- 
itate. The amount delivered from the burette is now read off, 
and the amount of silver calculated therefrom. Thus, if 520 
grains of salt solution had been delivered, the quantity of silver 
present is 0*108 X 520=56*16 grains. When the salt solution is 
once prepared, a number of analyses may be made at once and 
with great accuracy. Solutions containing the full weight, as 
that above mentioned, are called normal. Often a solution of 
one-tenth the normal strength of a decinormal solution is used. 

For practical application of this method, see the chapter on 
Clinical Examination of the Urine. 
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179. GupeUation is used only in the separation or 
assay of gold and silver. A small cup (cupel) of bone 
ash is prepared ; the alloy is enclosed in lead and placed 
in the cupel, which is exposed to a draught of air at a 
high temperature. The whole melts, the lead oxydises 
and soaks into the porous cupel, carrying with it the other 
metallic oxides, leaving a bright button of silver, or of its 
alloy with gold, as the case may be. In the latter case, 
the silver, which must be at least three times the weight 
of the gold, is afterwards removed by warm nitric acid. 
When too little silver is added, a portion escapes the 
action of the acid. 

11 



PART III. 



CHEMISTRY OF THE ELEMENTS. 



TABLE OF THE ELEMENTS. 

180. Note. — Those in capitals are important ; those in italics^ less so ; 
and those in ordinary type, unimportant in Medical Chemistry. 

EQUIYALSNT. 

8- 

1- 

14- 

6- 
16- 
40- 
31- 
36-5 

127- 
80- 
19- 
11- 
21- 
39-00 
23- 
7- 

133- 
85-36 



ELEMENT. 


SYMBOL. 


Oxygen, 


0, 


Hydrogen, 


H, 


Nitrogen, 


N. 


Carbon, 


c, 


Sulphur, 


s, 


Selenium, 


Se, 


Phosphorus, 


P, 


Chlorine, 


CI. 


Iodine, 


I, 


Bromine, 


Br. 


Fluorinej 


F, 


Boron, 


B. 


Silicon, 


Si, 


Potassium (KaHum), 


K, 


Sodium (NatrinmJ, 


Na. 


I/ithium, 


L, 


Coesinm, 


Cs, 


Rubidium, 


Rb, 


(122) 
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ELEMENT. 


SYMBOL. 


EQUIYALENT 


Ttallmm, 


T, 


204- 


Indium, 


In, 


35-92 


Baiuum, 


Ba, 


68-5 


Strontiurrif 


Sr, 


43-7 


Calcium, 


Ca, 


20- 


Magnesium, 


Mg, 


12- 


Aluminum, 


Al, 


13-69 


Glucinum, 


Gl, 


26-50 


Zirconium, 


Zr, 


33-62 


Yttrium, 


Y, 


32-20 


Erbium, 


E, 


? 


Terbium, 


Tb, 


? 


Thorium, 


Th, 


59-59 


Manganese, 


Mn, 


27-5 


Iron (Ferrum), 


Fe, 


28 


Chromium, 


Cr, 


26- 


Nickel, 


Ni, 


29-5 


Cobalt, 


Co, 


29-5 


Copper (Cuprum), 


Cu, 


31-66 


Zinc, 


Zn, 


32-52 


Cadmium, 


Cd, 


56- 


Lead (Plumbum), 


Pb, 


103-66 


Tin (Stannum), 


Sn, 


59- 


Yanadium, 


V, 


68-4 


Tungsten (Wolfram), 


w. 


92- 


Molybdenum, 


Mo, 


48- 


Tellurium, 


Te, 


64-5 


Bismuth, 


Bi, 


210- 


Arsenic, 


As, 


75- 


Antimony (Stibium), 


Sb, 


122- 


Uranium, 


u, 


60- 


Cerium, 


Ce, 


46- 


Lantanum, 


Ln, 


46 
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ELEMENT. 


SYMBOL. 


EQUIYALENT. 


Didymium, 


D, 


48% 


Titanium, 


Ti, 


25- 


Tantalum, 


Ta, 


68- 


Niobium, 


Nb, 


48- 


Mercury (Hydrargyrum), 


Hg, 


100- 


Silver (Argentum), 


Ag, 


108- 


Oold (Aurym), 


Au, 


98- 


Flatinunif 


Pt, 


98-5 


Palladium, 


Pd, 


53-2 


Iridium, 


Ir, 


98-6 


Osmium, 


Os, 


99-6 


Rhodium, 


R, 


62- 


Ruthenium, 


Ru, 


62- 



OXYGEN, 0=8. 

181. Natural Sources. — It forms about one-fifth of the 
atmosphere, eight-ninths (by weight) of water; exists in 
all rocks, most ores, and in all animal and vegetable sub- 
stances. It is estimated to constitute three-fourths of the 
matter of the earth. 

Preparation. — Heat chlorate of potassa to redness ; is 

given off and chloride of potassium remains. K0,C10ft= 

t 
KC14-06. The addition of one-fourth, by weight, of black 

oxide of manganese, MnOg, or of one-tenth of anhydrous 
sesquioxide of iron, Fej O3 ( Golcothar), causes the gas to 
be evolved more regularly, and at a lower temperature 
(159) ; it is then not so pure. 

Many other processes have been suggested ; the above is almost 
universally employed. The "oxygenesis" of Messrs. RobbinS; a 
mixture of binoxide of barium, BaOs, and bichromate of potassa, 
KO,2Cr08, evolves 0, at ordinary temperature, on the addition 
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of a all ate acid. If the compound could be sold at a moderate 
price, it would do much towards the introduction of this element 
into medical use. 

182. Hanipulatioil of Gases. — The pneumatic trough 
consists of a cistern provided with tanks, which are closed 
above and open below, and are furnished with suitable 
stopcocks; in these considerable amounts of gases may be 
stored. To collect smaller quantities, the receiving vessel 
is filled with water by immersing it so as to allow the air 
to escape ; if its lower edge be kept under water, it will 
remain filled. It is then placed on a submerged shelf, 
which may be perforated to admit of the delivery tube 
of the generating apparatus, or the edge of the jar may 
project slightly with the same object. The water is sus- 
tained in the jar by atmospheric pressure (193); as gases 
are lighter than water, a bubble admitted into the jar rises 
to the top, and allows an equal volume of water to fall out, 
and thus the gas will gradually fill the jar. To transfer 
gases, it is only necessary to put the mouth of the jar filled 
with gas slightly below that of one filled with water, be- 
neath the surface of the cistern, and incline the former. 
The gas will pass up and displace its volume of water from 
the second jar. Gases soluble in water may be collected 
over mercury. When very light or very heavy, they may 
be conveyed to the top or bottom of the jar, and thus 
displace the air, as in the case of hydrogen and carbonic 
acid. 

In the absence of a pneumatic trough, a gas may be collected 
in a large tumbler over a soup-plate. The tumbler being filled 
to the brim, a piece of card or thick paper is slid over the mouth ; 
it may then be inverted into the plate filled with water, without 
the liquid falling out. A bit of wood at the bottom of the plate 
will serve to keep the edge of the tumbler sufficiently elevated to 
allow of the introduction of the delivery tube. The plate will be 
apt to overflow when the water of the tumbler passes out ; this 
can be easily provided against. Where jars are too large to be 
dipped into the pneumatic trough, they may ho .".lied by suction. 

11 * 
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A piece of gum tube is carried to the top of the jar, or floated 
on the surface of the water by a cork or bit of wood ; the air is 
then drawn out by the lungs or a pump. Where a slight admix- 
ture of air is not objectionable, nearly all gases may be collected 
by simple displacement of the air of the receiving vessel. Large 
globes of oxygen for the lecture-table are thus filled. 

183. Properties of Oxygen. — A permanently elastic, in- 
odourous, tasteless, transparent gas; s. g. 1106; water at 
60° dissolves 3 p. c. ; the most magnetic of gases ; combus- 
tibles burn in it with increased brilliancy ; it is the only 
supporter of animal life. 

Physiological Effects. — It acts as a stimulant, quicken- 
ing the pulse and respiration, causing after a time fever 
and death. It converts the venous into arterial blood. 
Its therapeutic uses have not been satisfactorily deter- 
mined, except in anaemia, in which Trousseau* recom- 
mends highly its inhalation to the extent of six to ten 
quarts a day. As air contains but one-fifth of its bulk 
of this vital agent, it is obvious that its inhalation in cases 
of suspended animation might insure a favourable result in 
an otherwise hopeless subject. 

184. General Chemical Relations. — It combines with all 
the elements except fluorine, and with many of them forms 
more than one compound (oxide). When the process is 
unattended by the evolution of light, it is termed oxida- 
tion ; (rusting, fermentation, respiration and decay are in- 
cluded under this head ;) when light and heat are feebly 
evolved, it is known as slow combustion, as the glow of a 
stick of phosphorus or a damp match in air ; when with 
vivid light and heat, we have ordinary combustion. 

These actions differ only in degree ; the heat in oxidation and 
slow combustion passes off as rapidly as it is formed, and is not 
sensible to ordinary observation, but may accumulate and pass 
into ordinary combustion, as in the cases of masses of rusting 
iron or oiled rags. Oxygen is not essential to combustion, which 
may take place in chlorine, etc. In the broadest sense, all 

* Clinique MedicaU, t. II L, p. 63. 
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chemical combiDatioD where an element unites on one side, is 
combustion, although it is generally defined as chemical union 
attended by light and heat. 

Characters of Oxides. — The lower oxides {protoxides, 
sesquioxides) of the metals are bases ; the higher oxides 
of the elements generally are acids ; the lower oxides 
of the non-metallic elements are acid or neuter. The ses- 
quioxides sometimes combine with protoxides, acting as 
quasi acids. 

Thus MnO, protoxide of manganese, is a well marked base, 
Mn^Os a feeble base, MnOa neuter ; MnOs and MusO^ are acids. 
Sulphur, selenium, and tellurium, have also the property when 
acting as electro-negative constituents of forming both acids and 
bases. The name amphigen (Gr. amphiy both, and gennad, I 
produce) has been applied to this group. Thus we may have 
KOjAsOs, arsenite of potassa, an oxygen salt; KS,A8S8, sul- 

?hur8alt; KSe,A8Se8, selenium salt; ltTe,AsTes, tellurium salt, 
he same amphigen exists in the acid and base ; an oxygen acid 
will not unite with a sulphur base. The selenium and tellurium 
salts are unimportant. 

185. Ozone. — When electrical sparks are passed through 
dry oxygen, a small portion, not more than two per cent., 
is converted into an allotropic form (that is, an identical 
body, but having different properties), called ozone. This 
change is also produced during the slow combustion of 
phosphorus in air, or 0, and during many chemical changes 
Nascent (143) contains a large proportion of ozone. 
— Properties, It has a peculiar odour resembling fresh- 
boiled lobster (Houzeaux), is four times as dense as ordi- 
nary O (Andrews), and is the most powerful oxidising 
agent known. At ordinary temperatures it oxidises silver, 
consumes organic matter, bleaches, and decomposes iodide 
of potassium. It is converted into ordinary O, at tem- 
peratures above 212°. It is present in the atmosphere in 
varying amounts, being absent in foul localities. — Tests. 
Paper moistened with a mixture of starch and pure 
iodide of potassium becomes blue by its action, and 
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sulphate of manganese is decomposed by it, causing paper 
immersed in a dilute solution of the salt to become brown. 
These tests are not entirely satisfactory. 

Schonbein believes that exists in two polar conditions, ozon$ 
and antozonCf which, when united, form ordinary 0. Th(5 for- 
mer is evolved from the higher oxides of chromium, manganese, 
and lead, the latter from binoxides of hydrogen and barium. 
These views are strengthened by the recent experiments of 
Meissner * and Baudrimont.f but cannot be considered as con- 
firmed. Schonbein, the discoverer of oz6ne, and who has spent 
years in its investigation, himself admits that as yet neither ozone 
nor antozone have been obtained separate from ordinary oxygen. 
Permanganate of potassa, K0,Mna07, in solution either alone or 
with the addition of sulphuric acid, is a convenient source of 
ozonised air. 

HYDROGEN, H=l. 

186. Natnral Sources. — Water, animal and vegetable 
substances. 

Preparation. — By removing from water, HO ; practi- 
cally by the action of dilute sulphuric acid upon commer- 
cial zinc, Zn-f HO,S03=ZnO,s6l4-H.I Being thirteen 
times lighter than air, it may be collected by displace- 
ment, the delivery tube passing to the top of a jar held 
with the mouth downward. 

The self-regulating generator of Dr. Hare is useful in all cases 
where gases are evolved without the aid of heat. A cylinder 
has within it a bell-glass, mouth downwards, furnished with a 
stopcock, and supported on a frame. The zinc in the case of H 
is suspended or supported within the inner jar ; acid water is 
poured into the outer one ; the stopcock being open, it fills both 
to the same level, and acts upon the zinc. When the air is ex- 
pelled from the inner jar, the stopcock is closed ; the accumulat- 
ing j^as drives the liquid out of the inner jar, and the zinc being 
no longer acted upon, all action ceases. When the stopcock is 

» Chemical New8, No. 239. t ^^*^'-j No. 334. 

Jin giving reactions, the «««cH<ta^ changes only will be represented. 
In almost all cases the quantity of water present is considerable, but as 
it appears on both sides of the equation, may be safely omitted. The ro- 
Rction above expressed would be more accurately Zn+ 110,808+ »iH0« 
Zn0,S0s+MH0+H, in which iiIIO represents any fixed quantity of water. 
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opened, gas escapeR, the liquid rises by the weight of that in the 
outer cylinder, and action recommences. 

Properties. — A colourless, inodourous, tasteless, trans- 
parent, permanently elastic gas ; s. g. 069 (the lightest 
of known bodies); inflammable, respirable when diluted 
with air, but not a supporter of life ; water dissolves 2*5 
per cent. When mixed with O in nearly atomic propor- 
tions and ignited, violent explosion ensues ; when the two 
are burned gradually at a jet, an intepse heat is produced 
(the compound blowpipe). Its physiological effects are 
unimportant. The metal palladium will absorb 900 
volumes. 

Cliemlcal Relations. — Is the most electro-positive of the 
non-metallic bodies, and resembles the metals in many 
respects. It is replaced by them in combination. When 
acting as an electro-negative body, it forms hydrides. 
With 0, it forms water, HO, and HOg, binoxide of H. 

WATER, H0=9. 

18T. Natural Sources. — The sea, rivers, wells, springs, 
the atmosphere, organic bodies ; is formed during the com- 
bustion of hydrogen, and of all bodies containing it. 

Water is universally diffused through nature. Even rocks of 
considerable hardness, as limestone and sandstone, lose a large 
percentage on drying. The body of man consists of from two- 
thirds to three-fourths of water ; the medusae or jelly-fish con- 
tain over 99 per cent. Potatoes contain 75 per cent.; turnips 
90, water-melons 94, and cucumbers 97 per cent, of water. A 
cubic foot of air at 60°, saturated with moisture, contains 5.756 
grains. 

Properties. — A transparent, inodourous, colourless, 
tasteless liquid, solid below 32^ F., and boiling at 212° 
F., at 30 in. Bar. Is compressed ^^.u^j^u.^juu in bulk by the 
pressure of one atmosphere, 15 pounds. Is taken as the 
standard of specific gravity of all solids and liquids. One 
cubic inch weighs, at 60"^ F., 252*5 grains ; is 815 times 
heavier than air. It is the most universal of all solvents. 
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188. Impurities. — Water always contains air, and fre- 
quently carbonic acid in solution. As is more soluble 
than N, dissolved air is richer than the atmosphere in the 
former. It is found exceedingly difficult to obtain water 
free from air; when it is removed by boiling or the air- 
pump, it is almost instantly reabsorbed. Kain-water, 
which is distilled from natural reservoirs, as rivers, lakes, 
and the sea, is the purest natural form of water, when 
collected at a distance from habitations. It usually con- 
tains nitrates, probably formed during evaporation from 
the nitrogen and oxygen ofKhe air, or from the combina- 
tion of these elements under the influence of atmospheric 
electricity. When collected near habitations, it may con- 
tain ammonia and organic matter. When rain falls upon 
the surface of the earth, a portion runs off, and the re- 
mainder penetrates. Owing to the inclined position of 
the strata, or layers of the earth's crust, it may sink to 
considerable depths, and be exposed to great pressure and 
increased temperature. It thus, by the aid of dissolved 
carbonic acid, COg, exercises considerable solvent power 
upon the constituents of the rocks,* and when it issues 
through natural or artificial openings (springs, wells, etc.), 
is more or less charged with mineral matter. On expo- 
sure to the air and surface drainage, it is further contami- 
nated by organic matter. Hard water contains lime in 
solution, as sulphate, CaO,S03, or carbonate, CaO,C02. 
Sulphur waters contain sulphuretted hydrogen, HS, prob- 
ably derived from the decomposition of pyrites ; and min- 
eral waters various salts, generally with an excess of car- 
bonic ftcid. Sea-water contains 2*7 per cent, of common 
salt, NaCl ; "04 per cent, of chloride of magnesium, MgCl ; 
•03 of sulphate of magnesia, MgO,S03 ; -02 of sulphate of 

* The term rock is used in its geological sense, to indicate any constita- 
ent of the earth's crust, whether hard as granite, or soft as clay. 
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lime, CaO,S03; with smaller proportions of chloride of po- 
tassium, KCl ; bromide of magnesium, MgBr ; carbonate of 
lime, CaO,C02 ; with traces of iodine, ammonia, and silver. 

Tests. — Dr. Clark's soap test indicates approximately the hard- 
ness of water. An alcoholic solution of soap is prepared and 
tested by a solution containing a known quantity of lime. This 
is added by degrees to the water to be tested until the bubbles 
formed become persistent. From the quantity of soap solution 
used the amount of lime in the water is found. Permanganate 
ofpotassa, KO,Mn207, indicates the presence of organic matter by 
the loss of its colour, and according to Dr. Wood,* one grain of 
crystallised permanganate is decolourised by 5 grains of organic 
matter. This result can only be considered as an approxima- 
tion. The presence of infusoria does not indicate a high degree 
of impurity ; they are absent in very foul water. 

189. Puriflcation. — Water, to a certain extent, is purified 
by natural agencies; on escaping into the atmosphere, 
carbonic acid, CO2, escapes, and the earthy and metallic car- 
bonates held in solution by that gas are deposited. In 
certain cases the soluble salts in different streams which 
meet mutually decompose each other, forming nearly insol- 
uble compounds. (Example: Carbonate of lime and sul- 
phate of iron in the tributaries of the Schuylkill, FeO,SO, 
+ CaO,C02=FeO,C02+ CaO,S03.) 

Thus, river water is freer, on the average, from saline 
ingredients than that of springs. Organic matters par- 
tially subside and are consumed by aquatic plants and 
animals and destroyed by the ozone given off by the former 
under the influence of sunlight. The small quantity of 
mineral ingredients in ordinary river water cannot be con- 
sidered as injurious to health. When water freezes, dis- 
solved matters separate, and the water obtained from melted 
ice (even that formed from sea-water) is pure enough for 
ordinary purposes. Water is purified artificially, (1) By 
filtration or subsidence which remove suspended matters, 
as fine particles of sand, mud, etc. Charcoal filters will 

* Journal Chemical Society^ March, 1863. 
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also remove certain dissolved organic matters (206). (2) 
By distillation, which gives, when carefully conducted, 
pure water 3 Py boiling, which disengages carbonic 
acid, CO2, and thus favours the deposit of the less soluble 
carbonates. 4. By the additior- ?f substances which act 
chemically or mechanically. 

Solution of permanganate of potassa, KO.MnjOx, added to 
■water containing organic matter, will purify it rapidly and 
harmlessly ; a very slight pink tinge indicates that all organic 
matter has disappeared. This may be removed by inserting a 
clean stick for a few moments. Finings^ such as gelatine, 
white of egg, etc., act mechanically by sinking and carrying 
down fine suspended matter. Alum, in small quantity, com- 
bines with organic matter, and, as the compound sinks, carries 
down suspended particles. Carbonate of soda, NaO.COa, chloride 
of ammonium, NH4CI, vegetable astringents and molasses act 
chemically in decomposing salts of lime, and are used to prevent 
incrustations in steam-boilers. Citric acid or lemon-juice added 
to hard water will correct its purgative tendency. 

190. Chemical Relations. — Although neutral to test 
paper, water combines energetically. With acids, it acts 
as a base, H0,S03, and with bases as an acid, KO^^O, 
with this important difference, that it does not neutralise 
but rather enhances the chemical power of the body. It 
is indeed the essential medium in chemical combination at 
ordinary temperatures. It also combines with salts. Its 
combination is usually attended with evolution of heat, 
and when combined it cannot be driven out at 212° F. 
The combinations of water are called hydrates (Gr. hudor, 
water). 

The anhydrous acids are mostly destitute of chemical action ; 
the same is true of bases, though both greedily take ud water 
(with certain exceptions) and become hydrates. The water of 
an hydrated acid or base does not usually enter into combina- 
tion, KO,HO+HO,S08=KO,S08+2HO. While the combination 
of water is attended with an elevation of temperature, a depres- 
sion is observed during solution. Thus, when lime is slakedt 
heat is evolved ; when Epsom salt is dissolved, the liquid is 
cooled. 
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Water of Crystallisatioii is not chemically combined ; it 
may be driven off, in which case the body loses its crys- 
tallised form, but is not chemically changed ; water chemi- 
cally combined, constituent water^ cannot be removed 
without decomposition. 

Crystallised oxalic acid, IlOjCaOa-f 2II0, may have the two 
equivalents of water of crystallisation driven off, and will recrys- 
tallise unchanged; if the basic water be removed and not re- 
placed by a base, it is decomposed into carbonic oxide, CO, and 
carbonic acid, COg. 

191. Officinal Forms. — (a) Aqua. Natural water, 
in its purest attainable state; (b) Aqua destillaia. Take 
80 pints of water, distil 2 pints and reject ; then distil 64 
pints. 

The term Aqua^ U. S. P., signifies a gaseous or volatile 
body dissolved in water, as Aqua chlorini. Aqua cinna- 
momi. Liquor, a solution of a fixed body, as Liquor po- 
tassae. 

Definitions. — Maceration, the long-continued soaking 

of a body in water at from 60° to 90°. Digestion, the 

same in hot water. Infusion, subjecting a body for a 

short time to the action of hot or cold water, or the result 

of the process, Infusum, U. S. P. Decoction, boiling a 

body in water, or the result of the process, Decoctum, TJ. 

S. P. Filtration, separating an insoluble body from a 

liquid by means of a porous medium ; the liquid which 

passes through is called the filtrate. Edulcoration or 

displacement pouring upon the solid matter left on the 

filter a supply of menstruum whereby that remaining in 

the solid is displaced. Lixiviation or leaching, pouring 

water upon a porous solid mass, whereby any soluble 

matter is washed out, as in making lye from ashes. 

Levigation, rubbing a body to fine powder. Elutriation, 

throwing a powder into water ; the coarser particles settle 

first, the finer ones remain suspended, and mav be sepa- 
12 
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rately collected. DecantcUion, pouring off a liquid from 
a precipitated solid, or drawing it off with a syphon or 
pipette (195). 

NITROGEN, N=14. 

192. Natural Sources. — The atmosphere, native nitrates, 
most animal and many vegetabje substances. 

Preparation. — By burning Phosphorus in confined air, 
over water, the oxygen of the air is consumed. Phosphoric 
acid, PO5, is formed and dissolved by the water. 

Properties. — Generally negative. Is without colour, 
taste, smell, or poisonous effects. Is permanently elastic, 
does not support combustion or animal life. S. G. 9Y2. 
Water dissolves l-4t p. c. 

Gfeneral Chemical Relations. — Has feeble affinities, and 

unites directly with but few bodies ; indirectly with many, 
forming compounds of the highest importance. With O 
forms five compounds : Nitrous oxide, NOi; Nitric oxide ^ 
NO2 ; Nitrous acid, NO3 ; Hyponitric acidy NO4 ; Nitric 
ACID, NOg; — with H, Ammonia, NH3. We have also the 
Atmosphere, a mixture of N and with other gases and 
vapours. 

THE ATMOSPHERE. 
- 193. Extent, Density, and Weight. — Is supposed to ex- 
tend about 50 miles above the surface of the earth ; its 
density is inversely as the square of the distance from that 
surface; at 2-7 miles one-half, and 5*4 miles one-fourth, 
etc. One hundred cubic inches at 30 in. Bar. and 60° F., 
weigh 30*829 grs. Thirteen cubic feet of air weigh a 
pound avoirdupois nearly. Air is assumed as the 
standard of s. g. of all gases and vapours, and is taken as 
1000. The weight of 100 cubic inches of any gas may be 
obtained by multiplying its s. g, by 30*829, the weight of 
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an equal bulk of air. Thus, 100 c. i. of nitrogen=9Y2x 
30-829=29-966 grs. 

Pressure. The Barometer. — The pressure of the atmo- 
sphere is due to its weight, and is, on the average, at the 
level of the sea, 15 lbs. to the square inch,= to a column 
of water 34 feet, or of mercury 30 in. high. The mercu- 
rial barometer is a tube about 34 inches long, sealed at its 
upper end, containing a column of mercury ; its lower end 
is immersed in an open cistern of the same. The mercury 
is introduced in small portions, and boiled so that all air 
and moisture are expelled from the tube. When it is in- 
verted, the mercury falls to the point where its weight is 
balanced by that of the atmosphere, and leaves a vacuum 
above it (the Torricellian vacuum). As atmospheric 
pressure increases, the column is forced up; when it 
diminishes, the weight of the mercury causes it to fall. 
These fluctuations are measured by a scale attached to the 
side of the tube near the upper end of the column. 

In accurate observations, corrections must be made for tem- 
perature, capillarity, and the varyinp^ level of the mercury in the 
cistern. The aneroid barometer consists of a brass box, partially 
exhausted, with an elastic metallic lid, which latter is connected 
with an index, and rises or falls with the varying pressure. It 
is more sensitive and convenient than the mercurial barometer, 
and sufficiently accurate for ordinary purposes. 

194. Mariotte's Law. — The volumes of all gases, at the 
same temperature, are inversely as the pressure; their 
density and elastic force are directly as the pressure and 
inversely as the volume. 

Thus, a quart of air reduced to a pint has the pressure on its 
surface doubled ; its volume is ono-half, and its density twice 
that of the original. Thi8 law, although not absolutely true, is 
nearly enough so for all practical purposes. 

195. Among the instruments which depend upon the 
physical properties of fluids, may be mentioned the fol- 
lowing ; 
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The typhon. Fig. 29, used in decantation, is in its timpteBt 
form a bent tube, having one leg longer tbftn the other, the 
length being calculated from the surface of the liquid. When 
filled, and the shorter leg immersed, the liquid in the longer leg 
drops out, and the pressure of the atmosphere forces up that in 
the yessel io take its place. When both ends are bent upwards 
(the Wurtemherg sypbon), it maj be kept constantly filled, and 
trill act BB Boon as one is imroersed a short distance, as that leg 
then beiwmes practically ahorler than the other, a h. Fig. 30. 



FiK- SO. 



Pig. 31 



_ The pipeiU, Fig. 31, in its 
simplest form is a glass tube, 
which is filled bj dipping it into 
the liquid or by suction. When 
the finger, placed on top, closes 
the tnbe, the liquid is held up 
liv tttiiiospheric pressure ; on 
removing the finger, the liquid 
drops out. Theyare often made 
with bulbs, so as t« hold a lar- 
ger quantity of liquid, and some- 
times graduated. 

The cort/inuous uasA-6of/Z«,Fig. 
32. lias its cork pierced by two 
tubes, one running to the bottom. 
When filled with water and in 
vertc!, the liquid will flow out 
of the tube C D, on to the pre- 
cipitate in the funnel, until it 
rises so as to close the lower 
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npeniD^ of the tube a b. It will then ueaae until the Tall of the 
liquid in the funnel reopens the tube. 

Safely tubes are much used in distilling. The aimpleat oon- 
aiets of a tube, A B, Fi^. 33, reaching to the bottom of the 
vessel, iind sealed at iM lower end by the contained liquid. 
Should the delivery tube become obstructed, the presHure of the 
accuuiulateil gas or vapour in the retort would force the liquid 
out of the tube and prevent eiplosion. On the other hand, 
should sudden condensation occur, causing a partial vacuum in 
the flask, air will descend the aafetj tube, and bubbiing through 
t!ie liquid, prevent the regurf;itation of that into wbii'h tlje <!,■- 
livery tube dips. 



Welter's .Snfrty tul 
retort are nniid, or w' 
be used. Its piincip 

The Atomiser 

is an instrument 
far diffusing tlit' 
spray of liquids. 
A vertical tube, 
A B, dips into 
the liquid ; 
riffht angles to 
its upper ». 
and close to it, 
is a second tube 
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D. When air is blown through the horizontal tube, 
the liquid rises in the vertical tube, overflows and be- 
comes 4ningled with the blast of air. This is because the 
pressure on the surface of the column of liquid is less 
when the current of air is passing over the top of the tube 
than that of the atmosphere when at rest. The latter, 
pressing on the surface of the liquid in the containing ves- 
sel, forces it up into the tube, where, coming into contact 
with the blast, it is converted into mist. This instrument 
is variously constructed It is used to perfume or deo- 
dourise the air of rooms, to apply remedies to the air 
passages, and to produce local anaesthesia by cold (6t). 

196. Composition of the Atmosphere. — It contains in 

100 parts by volume, when dry, 7 9* 10 of N, 20*90 of O, 
with about -0004 of carbonic acid, COj. There are also 
constantly present moisture, ammonia, NHj (probably as 
carbonate), marsh gaa, C2H4, and organic matter. The pro- 
portions of the first-named elements are nearly invariable 
(134). The quantity of 020Me (allotropic oxygen, 185) varies. 
It appears to be greatest in spring and least in winter, 
to be absent in foul localities and during certain epi- 
demics, as cholera. Our information on this subject is yet 
far from reliable. Carbonic acid, owing to its low diffu- 
sive power (134), sometimes accumulates in undisturbed 
places, as wells, caverns, etc. The amount of moisture 
constantly varies ; is on the average one-half of the 
amount necessary to saturation. Arrimonia and marsh 
gas are present in exceedingly small proportion, the for- 
mer not exceeding 42 parts in the million. Organic mat- 
ter is most prevalent near inhabited localities and in close 
rooms. Other gases and vapours may be accidentally 
present. 

197. Physical Changes.— The temperature of the at- 
mosphere diminishes with the height, about 1° for every 
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300 feet, although this is subject to considerable variation 
The snow line is highest near the equator. The causes 
of this fall of temperature are the increased capacity for 
heat of rarer air, and the more rapid radiation and evapo- 
ration at greater elevations. The capacity of the air for 
moisture increases in a geometrical ratio, while the tem- 
perature rises in arithmetical ratio. Hence, cooling the 
air increases its relative humidity or dampness. When 
the aqueous vapour arrives at its temperature of maxi- 
mum tension (58), it is deposited as fog, rain, snow, etc. 
The temperature at which moisture is deposited on a cold 
body is termed the dew point, and is lower as the air is 
drier. Instruments for determining the amount of abso- 
lute or relative moisture in air are termed hygrometers or 
psychrometers. 

Air at 32® can absorb tiifth of its weight of watery vapour, at 
69** ^\yth, at 86° ,»<jth, and so on, so that for every 27° above 32* 
its capacity is doubled. The absolute humidity of air is the 
amount of moisture it contains ; the relative humidity, or damp- 
ness, the relation of the former to temperature, or the approach 
of moisture to condensation. Air when damp conducts better 
than when dry, and thus produces a sensation of chilliness in 
cool weather ; it also retards evaporation from the surface of the 
body, and causes oppression and languor in warmer seasons. 

Winds are currents of air produced by convection (48). 
They mostly arise from the unequal heating of the earth's 
surface, owing to changes of season, of day and night, 
the obliquity of the sun's rays, and the different absorb- 
ing power and specific heat of the materials of the earth's 
crust (72). 

198. Chemical Changes. — Combustion and respiration 
consume the oxygen, and replace it with an equivalent 
amount of carbonic acid, COj; also watery vapour, HO. 
There is constantly given off from the lungs, skins, and 
emunctories of animals various excreta, and from decora- 
posing offal a notable proportion of organic matter. When 
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the processes of nature are not restricted, these are rap- 
idly diffused (134), assimilated, and rendered harmless by 
the vegetable kingdom (156) and atmospheric ozone. 
Accumulated, effete, and decomposing organic matter is 
the most fertile source of disease, and favours the spread 
of epidemics and contagious disorders. Typhus and 
cholera are striking examples. 

The prevalence of fevers and the exanthemata during the 
winter, when dwellings are kept closed, and water less freely 
used, and their comparative rarity during the summer, can be 
seen by inspecting the bills of mortality of any large city. We 
have not any satisfactory and convenient test for the amount of 
organic impurity in the air. The sense of smell is sufficient, 
when it is considerable in quantity, to w^arn us of its presence, 
and hence the uselessness of mere deodourisers or disguisers of 
filth. Dr. Angus Smith's air-test consists of a standard solution 
of permanganate of potassa, KO.MngOj, through which the air 
is drawn. The greater its impurity, the less bulk required to 
remove the pink colour of the permanganate. The ratio of the 
quantities of air required was, in one series of experiments, as 
follows : High ground, 30 miles from Manchester, 176 ; open 
street in the town, 72-76 ; near dirty houses, 44 ; closely- packed 
railroad-car, 8.* The permanganate solution is decolourised by 
other reducing agents, as sulphurous acid, SO.,, and sulphuretted 
hydrogen, HS. These should be intercepted before drawing the 
air through the permanganate. 

The microscope detects in the dust of rooms various excre- 
mentatious matter, as exuviae of animals, portions of clothing, 
food, and in hospitals epithelial cells and lint charged with 
organic corpuscles.f If the air of a crowded apartment be 
passed through water, the solution acquires a disgusting smell, 
and rapidly putrefies. 

199. Antiseptics, Deodourisers, Disinfectants. — These 

terms are loosely used and often confounded. Antiseptics 
are processes or bodies which prevent or retard putre- 
faction or decay, such as drying and the use of conmion 
salt, which act by removing moisture ; various chemical 
compounds, as creosote, carbolic acid, chloride of .zinc, 



* AthenKHin, Juno 12, 1858, Bkandr & Tayloij, Am. etl., p. 151. 
■(• CONDY OH Air mid Water, p. 75. 
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corrosive sublimate, etc., which coagulate the putrescible 
matters ; sulphurous acid, and the sulphites, which check 
fermentation and putrefaction, and act as oxidisers. 
Deodourisers remove offensive odours, generally by abstract- 
ing hydrogen. Fumigations with tar, vinegar, camphor, 
aromatic weeds and herbs, and the like, only disguise the 
offensive matter. Disinfectants are supposed to prevent 
the propagation of disease. The most efficient are a high 
temperature, say 240°, and thorough cleansing. Anti- 
septics and deodourisers may act indirectly by preventing 
fermentation in organic matter, or by chemically destroy- 
ing it. The malarious miasm is destroyed or suspended 
at 32°. 

It should be remembered that while offensive odours 
warn us of the presence of injurious organic matter, they 
may not themselves be the cause, or aids of the spread 
of disease. Sulphuretted hydrogen, HS, phosphoretted 
hydrogen, PH3, and ammonia, NH3, are, when evolved in 
the laboratory and largely diluted, nearly innocuous, and 
when accompanying the complex organic substances 
resulting from decay, only warn us of their presence. 
Chlorine and ozone will remove their hydrogen, and thus 
the smell ; but unless they be in considerable quantity, 
the organic matter may remain. The miasm of cholera, 
malarious fevers, etc., is imperceptible to the senses. It 
is probable that, after temperature and cleanliness (includ- 
ing ventilation), ozone is the best disinfectant. It is 
given off indirectly during the action of chlorine, and 
from the permanganates. Sulphurous acid, SO2, from 
burning sulphur, will check fermentation, and is therefore 
recommended by high authority.* Carbolic acid is more 
manageable, and perhaps equally efficient. f 

* Graham, Elements of Chemistry. Am. ed., p. 253. 

f Crookes, Report on the Cat/fe Plague. Chem. Newe, No. 339. 
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200. Ventilation. — The products of combustion, respi- 
ration, organic decomposition, etc., being of higher tem- 
perature than that of the atmosphere, will rise, be diffused, 
and eventually rendered innoxious. From desire of com- 
fort in cold climates and seasons, and from inattention to 
cleanliness, this is often prevented. Habitations are 
closed, clothing but seldom changed, and personal and 
other impurities allowed to accumulate. Hence results a 
large increase of disease and mortality. The problem of 
supplying a proper quantity of fresh air of a proper tem- 
perature and moisture to buildings is one difficult of 
solution. The most simple method of ventilation is to 
admit fresh air .by numerous openings near the floor of the 
apartment, and allow the heated, foul atmosphere to pass 
off above. The cooling effect of walls and windows inter- 
feres seriously with this plan ; the foul air in contact with 
these colder bodies becomes reduced in temperature below 
that of the room, and falls to be again supplied to the 
inmates. If the openings of exit be large, the external 
air will descend and cool the foul air, besides causing un- 
pleasant draughts. The external air in winter contains 
so little moisture (196), that on heating it, unless water 
be artificially supplied, the air of the apartment is rendered 
injuriously dry. In large buildings artificially heated, the 
downward system of ventilation in which fresh air is ad- 
mitted above and the foul air drawn off below by means 
of forced ventilation, is to be preferred. Forced venti- 
lation is brought about by injecting fresh air by cowls, 
fans, etc., (plenum method,) or by aiding its withdrawal 
by artificial heat in the ventilating shafts, by exhausting 
cowls, the steam-jet, etc. The limits of this work will not 
allow of a full discussion of the subject ; in each case 
much must depend upon a knowledge of the laws of heat, 
and on the part of the adviser, his judgment in their ap- 
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plication. In private houses the open Franklin stove 
affords an excellent means of ventilation, but care is re- 
quired to supply pure fresh air in place of that constantly 
withdrawn, in such a way as not to cause unpleasant or 
hurtful draughts. 



COMPOUNDS OF NITROGEN WITH OXYGEN. 

201. Nitric Acid, N05=54,HO,N05=63. 

Prep. — The anhydrous acid is obtained by passing 
dry chlorine over dry nitrate of silver ; it is a white solid, 
crystallising in the third system and decomposing spon- 
taneously. The hydrated acid is made by the action of 
sulphuric acid upon nitrate of potassa (or soda), two 
equivalents of the former being employed for convenience, 

K0,N05 + 2(HO,S03) = HO,n65+KO,S03+HO,SO,.-^ 
The latter salt, the bisulphate of potassa, remains in the 
retort. 

Prop. — When pure, a colourless, fuming liquid, S. G. 
1-522, boiling at 184°, and solid at — 40°. Is highly 
corrosive. It ordinarily contains hyponitrio acid, NO4, 
which gives to it a reddish colour. The ordinary acid, 
4HO,N03, has a S. G. of 1*42, and distils at 250°. The 
latter is the officinal acid, and that usually employed in 
the arts. 

Ghem. Bel. — Is a powerful oxydising agent, capable of 
causing combustion ; it generally yields 3 eq. of O, leaving 
NO.2, which passing into the air gives orange-coloured 
fumes of NO4. The monohydrated acid, H0,N05, or a 
mixture of the commercial acid, 4HO,N05, with an equal 
bulk of HOjSOg, which latter abstracts a portion of water 
from the former, has a peculiar action on certain organic 
bodies, as cotton, starch, and glycerine. It removes a 
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part of their hydrogen, replacing it with NO4, forming 
explosive compounds. The ordinary or dilute acid con- 
verts starch and sugar into oxalic acid These changes 
vnll be further considered under Organic Chemistry. 

Nitric acid acts on the metals in three ways: (1) 
When concentrated, is itself in part decomposed, Cuj 

if4(HO,N05)=3CCuO,N05)+N62+4HO.-> (2) When 

-+ 

dilute, the metal takes oxygen from the water, Zn+HO, 

-* t 
N06=ZnO,N05+H. Only the more easily oxydised 

metals are affected in the latter case, and ammonia is 

formed as a secondary product, (f) When the metal does 

not form a basic oxide, as tin or antimony, it is raised 

to its highest oxide (Sn02,Sb06), and the lower oxides of 

the metals are generally converted into the higher. The 

slightly diluted commercial acid acts more readily on the 

metals than when concentrated. It forms nitrates, all of 

which are soluble and deflagrate with combustibles. Those 

of potassa, K0,N06, sesquioxide of iron, FejOsjSNOs, 

teroxide of bismuth, BiOgjSNOg, and protoxide of mercury, 

HgO,N05, are officinal. It may contain sulphuric or 

hydrochloric acids, iron, or, when made from nitrate 

of soda, iodine. It may be purified by distillation over 

nitrate of silver. 

Tests. — (1) It bleaches a boiling solution of sulphate 
of indigo ; the absence of chlorine or ozone must first be 
ascertained. (2) Mixed with strong sulphuric acid and a 
solution of ferrous sulphate, FeOjSOj, added, a rose or 
purple tint results. (3) When free, it will, on the addition 
of hydrochloric acid, dissolve gold leaf. (4) When acting 
on copper, etc., orange-coloured fumes are evolved. (5) 
If converted into nitrate of potassa, the characteristics of 
that salt will be made evident. 

Theraj^eufical and other Effects. — In large doses, an 
irritant poison. Antidotes : alkalies, soap, chalk, magnesia. 
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etc., macilaginous and oily drinks and enemeta. Ex- 
ternally, concentrated, a caustic ; stains the skin of a per- 
manent yellow ; when diluted, stimulant and. astringent. 
Internally, diluted, is tonic, astringent, and is supposed to 
promote the secretion of bile. Is largely employed in the 
arts in the preparation of various metallic compounds, 
analysis, etc. 

Incompalibles. — All the nitrates being soluble, the acid 
does not form precipitates. Hence it only acts when 
free to decompose the weaker salts, as acetates and 
carbonates, and will neutralise the basic oxides generally, 
(potassa, magnesia, oxide of zinc, etc.) 

Officinal Forms. (1) Acidum Nitricum, s. g. r42,4HO, 
NOs. (2) Acidum nitricum dilutum, R Acid: Nitric, "^m, 
Aquae destillatae q. s. dd Oj. s. g. 1*0C8. Dose, gtt xx to 
xl t.d. 

202. Hyponitric Acid (Nitrous Acid), N04=:46., 
Prep. — By mixing two measures of NO^ and one of O 

in an exhausted glass vessel, or by the distillation of dry 

nUrate of lead, PbO,N06=N64+PbO+0. Is formed 
when NOa escapes into the air. 

Prop. — At 0°, a colourless liquid; at — 40^, solid; at 
ordinary temperatures, a ruddy vapour; S. G. 1591, pos- 
sessing powerful oxydising properties. Supports combus- 
tion, but imperfectly ; has a suffocating odour. The liquid 
possesses no acid properties and does not directly combine 
with bases, but indirectly forms a lead salt, and compounds 
with certain organic bodies. 

203. Nitrous Acid, NOs=38. 

May be formed by passing through a tube cooled 
to 0, a mixture of 4 volumes of NOg and one -of O. It is 
a greenish liquid, readily decomposed ; it does not combine 
directly with bases, but indirectly forma nitrites, which 
are soluble in alcohol. 
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Nitric Oxide, NO2=30, is formed during the deoxidation 
of nitric acid (201). It is a permanently elastic, colour- 
less, irrespirable gas, s. g. 1038, sparingly soluble in 
water, supporting the combustion of phosphorus, but not 
of most ordinary combustibles; it has a strong affinity 
for 0, with which it unites to form NO^. Is neutral. 

204. Nitrous Oxide, (Laughing Gas,) NO=22. 
Prep. — By heating gently nitrate of ammonia, 

NH40,N06=2N6+4Ha The gas should be allowed to 
stand over water until transparent. 

Frop. — A colourless, inodourous, transparent gas, of a 
sweetish taste ; S. G. 1525 ; water dissolves its own volume. 
Is liquefied by a pressure of 50 atmospheres at 60**. 
Supports combustion nearly as well as O ; is distinguished 
from the latter by its sweetish taste and greater solubility. 
Is neutral. 

Physiological Effects, — Causes, when inhaled in moder- 
ate quantity, exhilaration, hence the name laughing-gas; 
in larger quantity, is anaesthetic. 

205. Ammonia, NH,, or NH4O, will be considered under 
the metals. 

CARBON, C=6. 

206. Natural Sources, — Native as the diamond, graphite, 
and impure, as coal ; combined in atmospheric carbonic acid, 
marsh gas, and in the native carbonates. Is the essential 
constituent of organic matter. 

Properties. — Vary with the form. (1) Diamond, the 
hardest known body, crystallises in the first system ; s. g. 
3.6 ; a good conductor of heat but not of electricity. ( 2) 
Graphite, phimbago or black lead, soft, crystallises in the 
6th system; s. g. 1*8 to 21; conducts electricity and has a 
metallic lustre. (3) Oraphine, or plumbagine, the deposit 
in coal-gas retorts; hard and difficult to work; mammillated 
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structure; somewhat metallic lustre; s. g. 1'76; a good con- 
ductor of electricity, (used in Bunsen cells.) (4) Charcoal, 
an amorphous body, the properties of which vary with the 
source, (o) Wood charcoal^ Carbo ligni, U. S. P., is best 
obtained from the shoots of the willow, previously dried 
and distilled at a moderate heat. Is a shining, black 
hygroscopic powder, without taste or smell; has from itf 
extent of surface great powers of absorbing and condensinp 
gases, thus promoting their combination ; hence its powe 
as a deodouriser. 

Dr. Stenhouse has shown that small animals imbedded ii 
powdered charcoal rapidly decay without offensive odours bein^ 
evident. The offensive matters from sewers are easily intereepteL 
and consumed by dry charcoal filters. Charcoal poultices absor! 
and render inoffensive purulent discharges. This action is duf 
to the condensation of the oxygen of the air in the pores of the 
charcoal at the same time with that of the effluviae. By boiling 
charcoal with -^ih of its weight of bichloride of platinum, PtCl, 
its power of condensation is much increased. Wood thorough!; 
dried yields 25 per cent, of charcoal ; green wood much less, it^ 
carbon passing off as tar, acetic acid, and wood spirit. 

(6) Animal Charcoal. — Obtained by charring bones, 
Carbo animalis, the best by charring blood with pearlasfa. 
It is more dense than the last variety, and possesses re- 
markable powers^ of absorbing vegetable colouring and 
bitter principles. By digesting Carbo animalis with muri- 
atic acid, U. S. P., each gxii previously diluted with Jxii 
of water for two days and then washing the residue, the 
phosphate of lime of the bones is removed and the Carbo 
animalis purificatuSy U. S. P., is obtained. 

Animal charcoal will remove the colour from most organic 
solutions. It also absorbs all vegetable bitters except picric acid ; 
but yields most of them again to boiling alcohol. It is an anti- 
dote to all vegetable and animal poisons, but requires to be given 
in large quantity and care taken that excess of acid is not 
present. 

(c) Lampblack is the soot of combustibles containing 

10* 
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an excess of carbon; is usually made from coal-tar. Il 
has less lustre than the other varieties of charcoal, is much 
less dense, and has but little antiseptic or decolourising 
power. 

(d) Goal is fossil wood ; peat and lignite are transition 
forms. Coke is carbon obtained by driving off the volatile 
matters from bituminous coal, as in gas-making. 

207. General Properties of Carbon. — It is dimorphous, 
insoluble in all menstrua, fused and volatilised only in the 
voltaic arc ; is not affected by chemical agents as ordinary 
temperatures. (Animal charcoal in chlorine water is 
slowly consumed by the nascent oxygen.) Its combusti- 
bility varies with the variety; wood charred at a moder- 
ate temperature sometimes ignites spontaneously, while 
graphite and the diamond are difficult to burn. 

Gen. Chem. Relations. — At high temperatures it is the 
most powerful of reducing agents, owing to its affinity for 
O. It forms with the metals carbides^ as cast-iron, and 
unites, as a general rule indirectly, with other elements. 
It forms with Gaxbonic Add, CO^, Carbonic oxide, CO, 
Oxalic acid, HOjCjOs, and croconic, metallic, and rhodizonic 
acids. Its compounds with H are considered under Or- 
ganic Chemistry, except those named below. With N it 
forms the important quasi element Cyanogen, CjN. 

CARBON AND OXYGEN. 

208. Carbonic Acid, (fixed air, choke damp,) C02=:22. 
Natural Sources. — The atmosphere, the native carbon- 
ates. Is formed during respiration and combustion. 

Prep. — On the large scale, by adding Sulphueic acid, 

HO,SOs, to powdered chalk or marble, CaO»C02+HO,SO, 

t 
=CaO,S03-|-HO+C02. In the laboratory, by replacing 

the sulphuric by muriatic acid, which leaves no insoluble 

residue. CaO,COa-hHCl=CaCHHO-f CO^. It maybe 

collected by displacement (183). 
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Prop, — A colourless, inodourous, transparent gas, s. g. 
1529, liquid under 28 atmospheres at 32 \ and solid at — 12^ ; 
is incombustible, extinguishes flame, does not support life, 
but is not poisonous when diluted. It constitutes the after 
or choke damp of the miner, and frequently accumulates in 
old wells and in depressed spots in volcanic districts (Upas 
Valley). Water dissolves its own volume, and when 
charged under pressure of 5 atmospheres acquires a pun- 
gent taste, reddens litmus and forms an agreeable drink 
useful in erethism of the stomach — Aqua agidi garbonigi, 
Mineral water. Fermented drinks owe their sparkling 
and pungent qualities to this gas. It is also the agent in 
the raising of bread. 

General Chemical Relations. — It reddens litmus and 
combines with bases to form the carbonates, most of 
which are insoluble ; those of potassa, soda, liihia, lime, 
magnesia, iron, lead, and zinc are officinal. Owing to its 
volatile character, it is readily displaced, being driven out 
of combination by all acids except the Hydeooyanic, HCy. 
Under favourable circumstances it shows great power as 
an acid, decomposing rocks and playing an important 
part in the economy of nature. The carbonates and 
bicarbonates of the alkalies have an alkaline reaction. 
A carbonate is known by its effervescing when treated 
with hydrochloric acid, the gas evolved being inodourous. 
Medical Effects. — Has been applied locally as a seda- 
tive ; swallowed in solution, it forms a grateful drink in 
fevers, and allays thirst and checks vomiting. Inhaled, 
it rapidly causes insensibility, the treatment being expo- 
sure to the fresh air, dashing with cold water, frictions, 
and in iextreme cases artificial respiration. Its presence 
in wells is made evident by lowering a candle into the 
suspected locality ; the presence of an irrespirable gas will 
extinguish it. It may be removed by causing draughts 

13 * 
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of air, by burning straw, or by throwing down water, or 
better, mixed lime and water. Recent experiments seem 
to show that when inhaled largely diluted, it is innoxious, 
an air containing twenty-five per cent, having been sup- 
plied to a bird without injuring it* ^ 

209. Carbonic Oxide, CO =14. 

Preparation. — Is formed when C is burned with 
an insufficient supply of O, the CO^ formed at first being 
deoxidised by incandescent carbon above. It is best made 
by pouring an excess of HO,SOs on powdered Ferbog^ 

ANIDE OF POTASSIUM, KjCyjFc.f 

Properties. — A transparent, colourless, inodourous, 
permanently elastic gas, burning with a feeble blue flame, 
producing CO,; S. G. 968; water absorbs 2*5 per cent. It 
is a narcotic poison. It frequently escapes from stoves , 
the treatment, that indicated under CO2. It is chemically 
neutral and unimportant. 

210. OxaUc Acid, HO,CA+2HO=63. 
Preparation. — By the action of nitric acid upon starch 

or cane sugar, or of alkalies upon sawdust, f It exists in 
combination in certain plants (OxaliSj BumeXy Rheum). 

Properties. — Long, four-sided, oblique prisms, (third 
system ;) of an acid taste and reaction ; is soluble in eight 
parts of water at 60^ and its weight of boiling water. Is 
used for taking out ink-spots and iron-moulds ; resembles 
in appearance Epsom salt, and is sometimes swallowed 
by mistake. It is an irritant poison; the antidote is 
chalk or whitewash. The 2 eq. of water of crystallisation 
may be removed without its decomposition, but it cannot 
exist except in combination with its constituent water 
(190) or a base. It forms salts containing one, two, or 
four equivalents of acid. 

* Hammond, Hygiene, p. 153. 

f The reactions involred are omitted, being oomplez and comparatively 
onimportant. 
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Test. — With a lime salt, or lime-water, gives a white pre- 
cipitate; with nitrate of silver, also a white precipitate 
which explodes slightly when dried and heated. Many 
of the oxalates become carbonates when heated to redness. 

211. HYDRO-CARBONS. — The compounds of C and 
H are exceedingly numerous ; the following are generally 
considered under the head of Inorqanig Chemistry. (1) 
Light carburetted hydrogen^ CaH^, marsh gas, fire damp, 
a constant product of decomposing vegetable matter, and 
obtained artificially by the dry distillation of the acetates. 
It is always present in the atmosphere. It is a colourless, 
transparent, inodourous, inflammable, permanently elastic 
gas, not very poisonous; s. g. 522. Water dissolves 0*039 
per cent. (2) OUfi^nt gas, Ethylene, C4,H4, obtained by 
the action of H0,S03 upon alcohol, resembles the former, 
but is liquefied by cold and pressure.; has a faint ethereal 
odour, and is a narcotic poison; has a s. g. 967, and 
bums with a brilliant white flame. Water dissolves 0*161 
per cent. Coal gas is a mixture of the above with the 
vapours of other hydrocarbons. 

In making illuminating gas, the coal is distilled in iron or 
elay retorts; the tar and ammonia which accompany the gas are 
condensed and absorbed in the hydraulic main, jet washers, and 
condensers ; the cyanogen, CsN, carbonic acid, and sulphur com- 
pounds are removed by lime or moist oxide of iron. Wood, resin, 
wax, oil, etc , yield illuminating gas when distilled. 

212. Nature and Structure of Flame. — By flame is 

understood volatile matter burning ; pure flame gives but 
a feeble light. Solid matter, heated until it becomes 
luminous, is said to be incandescent, and if not easily 
oxidised, as platinum, it may remain so for an indefinite 
period without chemical change. Ordinary flame is 
hollow because the jet or column of volatile matter can 
only come in contact with the of the air on its outer 
surface. A solid flame is produced by introducing O into 



152 MEDICAL CHEMISTRY. 

the centre of the burning gas. In a luminous jQiame, three 
cones may be distinguished. (1) An inner blue or dark 
one which consists of gases derived, in the case of an 
ordinary lamp or candle, from the destructive distillation 
of the oily matter (cone of generation). (2) A luminous 
cone (cone of decomposition). In this the compounds of 
C and H receive a limited supply of 0, which having a 
greater aflSnity for the H, unites with it ; the carbon thus 
precipitated in the solid form, is rendered incandescent by 
the intense heat generated by the combination of the 
and H, making the flame luminous. (3) An outer cone 
(cone of complete combustion) of a feeble yellow col- 
our, in which the C, meeting with an abundant supply 
of O, is burned up. In the middle flame we have a high 
temperature, deficient supply of O, and abundance of the 
reducing agents C and H. Hence, many metallic oxides 
placed in it are deoxidised (reducing flame). At the 
extremity of the outer flame we have also a high tempera- 
ture, but an abundance of O, and the reverse effect takes 
place (oxydising flame). When urged by a jet of air — 
the blowpipe — the flame is elongated and the intensity of 
the heat increased. When the gas is mixed with air or 
O before ignition, no decomposition takes place, no solid 
matter is deposited, and the flame is blue and feebly 
luminous. The introduction of a fixed solid body, as lime 
in the compound blowpipe flame, at once produces a bright 
light by incandescence. A mixture of air or O with an 
inflammable gas or vapour is liable to explode, owing to 
the sudden combination of the whole. The contact of a 
cold, conducting body may reduce the temperature of the 
gases below the point of ignition. Hence an explosive 
mixture may be safely burned at the end of a long, fine, 
metallic tube. Wire gauze, which may be considered as a 
number of short tubes of small diameter, acts in this way 
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and a lamp surrounded by it may be safely carried into an 
atmosphere containing an inflammable gaseous mixture — 
the safety lamp, A jet of mixed gases issuing under press- 
ure is less likely to allow the flame to travel backwards, 
as the gases move forward rapidly to supply the combus- 
tion. When a cold body is introduced into an ordinary 
flame, the carbon, instead of being burned in the third 
cone, is deposited; hence, for heating purposes, gas should 
be previously mixed with air, so as to burn without de- 
composition. 

213. Caxbon and Nitrogen. Cyanogen, C2N, resembles 
in its chemical relations the Halogens (223), and will be 
considered hereafter (235). 

SULPHUR, S=16 

214. Natural Sources. — Occurs native in volcanic dis- 
tricts. Exists in combination in the native sulphides, as 
iron (FeSj) and copper pyrites, CuSjFeaSg; galena, PbS, 
cinnabar, HgS> the native sulphates, as gypsum, CaOjSOs 
-f 2H0, and heavy spar, BaO,SOs; in organic bodies, in 
the hair, nails, and horns, the protein bodies, and certain 
volatile oils. 

Preparation. — Is obtained by sublimation from its earthy 
impurities. When the vapour is collected in a cooled 
vessel, fine crystals are deposited, — Flowers of sulphur^ 
Sulphur sublimatum, U. S. P. If the vapour is con- 
densed into the liquid state, and cast into moulds, it forms 
roll sulphur, or brimstone. It is obtained less pure from 
pyrites, and the rfiilk of sulphur^ Lac sulphuris^ Sulphur 
PR^ciPTTATUM, U. S. P., is procured by chemical precipi- 
tation. 

Properties. — In its ordinary form is a lemon-yellow, 
volatile, inflammable, solid ; brittle, tasteless, of a peculiar 
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odour when rubbed. Is a non-conductor of heat and 
electricity, and gives negative electricity when rubbed. 
It is dimorphous, crystallising from solution in right 
rhombic octohedra (3d system), s. g. 2*05, and from 
fusion in oblique rhombic prisms (4th system), s. g. l-QT. 
It is insoluble in water, almost so in alcohol ; is soluble 
in bisulphide of carbon, CSi, benzine, C^Hq, and ai- 
chloride of sulphur, SjCl. Also in alkaline solutions, but 
with some chemical change. It melts at 234°, forming a 
limpid amber-coloured liquid ; as the temperature rises, this 
becomes darker and more viscid; at about 480° is so 
tenacious as to be poured with diflBculty ; from 500° to its 
boiling-point, 788°, becomes thinner, and if allowed to 
cool, passes through the same conditions. Its vapour is 
of an orange colour, s. g. 6636. In the statfe of vapour 
it combines with finely divided metals, with evolution of 
light and heat. 

Allotropic Modifications. — By the sudden cooling of 
sulphur heated to about 500°, a dark, plastic, amber- 
coloured mass is obtained, which gradually assumes the 
form of ordinary sulphur ; it is in great part insoluble in 
CSg. Black sulphur is obtained by repeating frequently 
the same process; it probably always contains foreign 
matter. 

Four allotropic modifications of sulphur are now admitted: 
1. Common or prismatic sulphur, soluble in CSj; 2. Octohedral 
sulphur, partially soluble in CSj; 3. Crummy sulphur, ex- 
tracted by CSa, but afterwards insoluble in it; 4. Insoluble 
sulphur, insoluble in CSg, and forming the bulk of the soft 
sulphur prepared as above stated. 

General Chemical Relations. — Is an electro-negative 
body, closely resembling oxygen, forming sulphur bases 
and acids and neutral sulphides; also compounds with 
hydrogen resembling HO and HOj. It combines with 
oxygen to form seven compounds, only three of which 
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will be considered, namely, SxjLPHuaio acid, SO3, Sul- 
phurous AOiD, SO2, and Hyposulphurous acid, SjOg. 

Medical Effects. — Is innoxious; is given interaally in 
skin diseases, gout, and rheumatism ; externally is used 
in vapour or ointment in the same Dose, 3j to ^iij. Is 
used in the arts for the manufacture of sulphuric acid, and 
from its ready inflammability in that of matches and gun- 
powder. 

Officinal Forms, — 1. Sulphur sublimatum — Com- 
mercial flowers of sulphur. 2. Sulphur lotum. Washed 
sulphur, hot water being used to remove traces of acid 
from the former. 3. Sulphur pr^cipitatum, Lac aul- 
phuris, Milk of sulphur. Is made by boiling together 
for two hours gxii of sublimed sulphur with gxviii 
of lime previously slaked, and Oxv of water, adding 
enough of the latter to compensate for evaporation. 
Bisulphide of calcium and hyposulphite of lime are 
formed (3CaO-f S6=2CaS2->+ CaO,S A->). The solution 
is diluted with an equal bulk of water, and decomposed 
by muriatic acid, added gradually so long as a precipitate 
falls (2CaS2 + CaO.SaO, -f 3HC1 = 3CaCI -► + 3H0+ Sg ). 

The chloride of calcium is removed by washing. It is a 
milky white powder, having a peculiar odour. Is more 
easily suspended in water than the other oflBcinal forms, 
hence used in the preparation of hair-washes. All the 
forms of sulphur should be entirely volatilised by heat, 
and the two last-named devoid of acid reaction. The 
Unguentum sulphuris, U. S. p., contains one part of S to 
two of lard. 

SULPHUR AND OXYGEN. 

215. Sulphuric Acid, SO3=40— HO,S03=49. 

Prep. — (1) Anhydrous, is obtained by distilling the 
Nordhausen acid ; is in white, silky prisms, melting at 65°, 
boiling at 110° ; attracts water greedily. (2) Nordhausen 
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or fuming oil of vitriol, HO,2SOs, is made by distilling 
dried green vitriol (4(FeO,SOs+HO)=2FeA + 280,+ 
HO,2S03+3HO). Is a dark, faming, corrosive liquid, s g. 
1-9; hissing when dropped into water; is too impure for 
internal administration. 

3. Sulphuric acid, oil of vitriol, Acidum bulfhuricum, 
U. S. P. Into a leaden chamber are introduced sulphuroiis 
acid, SOj, (obtained by burning S,) nitric acid, and steam ; 
or the floor of the chamber is covered with a stratum of 
water. When the water becomes suflSciently charged with 
acid, it is drawn off, concentrated in leaden pans, and 
afterwards in a platinum still. The following reaction is 
approximate: (1) S02 + HO,N05«S03+ HO +NO4; (2) 
2S02+N04=2SOs+NOa; (3) NOa+02=N04, and so con- 
tinuously, the NO2 receiving Oj from the air of the cham- 
ber to form NO4, which again parts with it to the SO2, 
becoming reduced to NOj. Commercial oil of vitriol, HO, 
SO3, is a heavy, corrosive oily liquid, s. g. 1*845. It is the 
most powerful of the acids, chars and destroys organic 
matter. Attracts moisture ; hence is used as a desiccating 
agent, and must be kept in tight glass-stopped bottles. 
When mixed with excess of water, the elevation of tem- 
perature is enough to boil the latter. 

A straw or small bit of stick will render a whole carboy of acid 
black ; the carbon is merely diffused, and may be separated by 
filtration through gun-cotton. By mixing 2 vols, of 110,803 and 
1 of HO, and allowing the mixture to cool, a terhydrate, 3 HO, SO,, 
is obtained, which will convert paper into a parchment-like body, 
contracting it in all its dimensions, and increasing its strength 
sixfold. 

Medical Effects. — Concentrated or in large doses, an 
irritant poison ; antidote : magnesia or other neutralising 
bodies, given in milk; water is inadmissible on account 
of the heat developed by its admixture. Externally a 
caustic; internally, diluted, tonic, astringent and refrige- 
rant. It is incompatible, when free, with all alkalies and 
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alkaline earths, and the salts of the weaker acids ; when 
combined, with the soluble salts of baryta, strontia, and 
lead. 

Officinal Forms. — Aoidum sulphuricum; S. G. 1-843. 

Should be entirely volatilised by strong heat, and when 
diluted with distilled water should not be coloured by 

SULPHYDRIO ACID, HS (21 T). ACIDUM SULPHURICUM 

DiLUTUM, S. G. 1-082, contains gij to the Oj. Acidum 
SULPHURICUM aromaticum — EUodr of vitriol, is made by 
preparing a pint of tincture of ginger gj, cinnamon giss, 
both coarsely powdered, with alcohol, q. s., and adding to 
this a cooled mixture of §vj of acid, sulphuric, and Oj 

ALCOHOL. 

General Chemical Relations. — Forms an extensive series 
of well-marked salts, — the sulphates. Those of Potassa 
KG, Soda NaO, Magnesia MgO, Ferrous and ferric oxides 
FeO,Fea03, Oxide of manganese MnO, Zinc ZnO, Copper 
CuO, and Mercury HgO, are officinal. It acts on the 
metals in two ways. (1) When the metal is not easily 
oxidised, and the acid is concentrated, one equivalent of 
acid is decomposed, furnishing oxygen to the metal ; with 
the oxide thus formed a second equivalent combines — Cu 
4 2(HO,S03) = CuO,S03 + SO2+ 2H0. ('2) When dilute, 
the metal, if easily oxidised, decomposes the water present — 
Zn+H0,S03=Zn0,S03+H. The test for sulphuric acid 
is a soluble salt of baryta, which gives a dense, white pre- 
cipitate, insoluble in boiling HOjNOg. 

216. Sulphurous Acid, S02=r32 

Prep. — Is formed when sulphur is burned. Is made 
by reducing HO,SOs. 

HCSOa may be reduced by copper, mercury, etc. A cheaper 
plan ia to use j, by weight, of solid sulphur ; 2( nO,SO,)+S=3SOi 
-f 2H0. Powdered charcoal will answer, but thegaa is contami- 
nated by CO,; 2(H0,S08)4.C=2S0o4.C0,-f 2H0. 
14 
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Prop. — A colourless gas of a suffocating odour, acid 
taste and reaction s. g. 2211 ; it extinguishes flame and is 
poisonous; it bleaches, and by its affinity for oxygen 
arrests fermentation and putrefaction; below 14° is a colour- 
less, limpid liquid, and at — 105^ solid. Water dissolves 50 
vols., and acquires the odour and bleaching properties of 
the gas. A crystalline hydrate is formed at low tempera- 
ture. Colours removed by SOj may be restored by an 
alkali. 

Medical Effects. — Is used internally in solution, and as 
the sulphites, in zymotic diseases and blood poisoning; 
also externally in skin diseases. 

Officinal Form. — Acidum sulphurosum. Is made by 
passing the gas evolved by the action of powdered char- 
coal upon H0,S03 through distilled water kept cool, nearly 
to saturation, s. g. about 1035. It should be kept cool; 
it is liable to absorb and become partially converted 
into HOjSOg. Dose for internal use, f^j, largely diluted. 

General Chemical Relations. — Forms sdlphites, of 
which those of the alkalies are powerful antizymotic and 
reducing agents. That of soda is officinal. Hyposulphu- 
rous acid, 8202= 48, is not isolable. The hyposulphite 
of soda, made by digesting sulphur with sulphite of soda, 
is used to dissolve the salts of silver in photography and 
electro-plating. It has been used for the same purposes 
as the sulphite ; also in intermittent fever, dose gr. x. 

SULPHUR AND HYDROGEN. 

21 T. Sulphuretted Hydrogen — Hydrosulphuric ox suU 

phydric acid, HS=IT. 

Prep. — Is formed by the union of its elements when in 
the nascent state (143); they do not combine when free. 
It is found in native sulphur waters, resulting from the 
decomposition of iron pyrites, FeSj, and in sewers and 
other foul localities, where organic matter containing sul- 
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phur is decomposing. Under the latter circumstances it 
is generally combined with ammonia, and accompanied by 
other volatile products of putrefaction. It is made by the 
action of dilute HOjSOg upon sulphide of iron. FeS+ 
HO,S03f«FeO,S03_^+HS^, or when required pure by the 
reaction of HCl on SbSa- SbS3+3HCl=SbCl^+3HS.t 

Prop. — A colourless, inflammable gas, of a character- 
istic odour rfnd acid reaction ; s. g. 1T4Y ; is liquefied by 
a pressure of IT atmospheres at 60°, and is a white solid at 
— 122°. Water absorbs 3 volumes, the solution slowly 
decomposes, sulphur being deposited. It does not sup- 
port combustion, and is a narcotic poison. 

Medical Effects. — Concentrated, is rapidly fatal; diluted, 
causes headache, nausea, and prostration. Is instantly 
decomposed by chlorine or ozone, which latter may be 
evolved from a solution of permanganate of potassa. 
Taken internally in the form of native sulphur water, is 
popular in the treatment of chronic rheumatism, gout, and 
skin diseases. 

Chemical Relations. — Is a sulphur acid^ combining 
with sulphur bases to form salts, as KS,HS; NH4S,HS. 
It precipitates many of the metals from their solutions, 
and is one of our most valuable tests. HSj is unimportant. 

SULPHUR AND CARBON. 

218. Bisulphide of Carbon (sulpho-carbonic acid), CS^, 
made by passing the vapour of sulphur over red-hot carbon, 
is a volatile, mobile, inflammable liquid, of high refractive 
power, insoluble in water, s. g. l-2'72.* It is used in the 
construction of prisms, and in vulcanising india-rubber. 
It freely dissolves fatty matters, and ordinary sulphur and 
phosphorus. Workmen exposed to its vapours are affected 
with headache, vertigo, hyperaesthesia, and eventually be- 
come cachectic, with dimness of sight and hearing, impair- 
ment of memory, and loss of sexual power. It has been 
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used in skin diseases, rheumatism, and enlarged glands. 
It is a sulphur acid. A protosulphide and sesquisulphide 
are known. 

PHOSPHORUS, P=31. 

219. Natural Sources. — Organic substances; the na- 
tive phosphates. 

Frep. — On the large scale from bones, in which it 
exists B.Q phosphate of limef 30aO,P06, which are; 1. Cal- 
cined, to remove animal matter; 2. Digested with H0,S08, 
which combines with most of the lime, liberating the 
greater part of the phosphoric acid, POs. This is heated 
in a close iron retort with charcoal, which combines with 
the O of the phosphoric acid, forming CO, leaving the 
phosphorus to distil over.* 

Prop. — A soft, translucent solid, of a waxy appear- 
ance ; is tasteless ; has an alliaceous odour. When per- 
fectly pure, is colourless; ordinarily has a reddish tint, 
which increases with exposure to light ; specific gravity, 
1-83. It melts at 111-5°, boils at 550°, giving a colour- 
less vapour. May be distilled unchanged. Emits fumes 
in the air, (chiefly phosphorous acid, POj,) which in the 
dark are luminous ; this slow combustion is accompanied 
by the formation of ozone, and may be prevented by the 
presence of certain vapours, as ether, turpentine, and 
naphtha. Very inflammable, taking fire at 114° ; burns 
with the evolution of copious white fumes of phosphoric 
acid (PO5). It is insoluble in water and alcohol ; soluble 
in the fixed and volatile oils, in ether, glycerine, and bisul- 
phide of carbon. 

Allotropic Modification. — By exposing phosphorus for 
a long time to light, or for a shorter time to a tempera- 

* The true process and theory are a little more complicated, owing to 
the existence of superphosphate of lime. The above gives the essential 
steps of the process and changes. 
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ture between 464^-482^, it assumes a red colour, thickens, 
and becomes opaque. This amorphous phosphorus is un- 
altered in the air, not poisonous ; specific gravity 2*14 ; 
insoluble in all menstrua; melts and takes fire at 500°. 
Heated to the boiling-point, in an indifferent gas, becomes 
again common phosphorus Three other varieties of phos- 
phorus have been described : the white, the black, and the 
viscous. According to Hittorf,* phosphorus may be ob- 
tained in rhombohedral (6th system) metallic-looking 
crystals, resembling arsenic, and conducting heat and elec- 
tricity ; 8. g. 2*34. 

Medical Effects. — In large dose, an irritant poison of 
great energy. It is rapidly absorbed, causing fatty de- 
generation of the liver and other organs. Recovery, after 
absorption has taken place, is almost unknown. No direct 
antidote is known. Oil of turpentine is recommended ; also 
magnesia diffused in water. 

Workmen exposed to its vapours are liable to necrosis, 
particularly of the lower jaw-bone. In medicinal doses, 
stimulant, diuretic, and aphrodisiac. Is given in solution 
in oil or glycerine ; dose, ^^^ to j\ of a grain. Is ofi&cinal 
in the XT. S. P. 

Tests. — P may be recognised by its odour and luminous 
appearance in the dark. When very small portions are 
present, they may be taken up by digestion with CSa, 
which, on evaporation, will leave the phosphorus finely 
divided and luminous. A mere trace of P communicates 
a green colour to the flame of burning H, and gives a 
characteristic series of green lines in the spectroscope. 

Ghem. Belation.^.-^ Forms a natural group with N, As and 
Sb. It combines with some of the metals, as iron, and is 
not removed by the highest heat of the furnace. With 
oxygen it forms PgO, oxyde of P; PO, hypophosphorous 

* Client t ml Newn, March 23, 1866. 
14* 
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acid; PO3, phosphorous acid; and PO5, Phosphoric acid. 
With H, solid PjH, liquid PHj, and gaseous PH3, phos- 
phides of H. With N and S, unimportant compounds ; 
the latter are five in number, four corresponding to the O 
compounds, and one PS,2 unique; they are highly in- 
flammable. 

220. Phosphoric Acid, P06=7l. 

Prep. — Is formed anhydrous when P is burned in 
dry air or O. Is then an amorphous white powder, deli- 
quescent and hissing on the contact of water, becoming 
hydrated. The TERHyDlLA.TB, 3HO,P05, is made by the 
action of diluted H0,N05 on P; P, + 5 (H0,N05) -f 
4HO = 3(3HO,P06) + 5N02. It is very sour, not cor- 
rosive, does not act on copper or silver, and is not poi- 
sonous. 

Ghem. Relations. — Phosphoric acid possesses the remark- 
able property of uniting with either one, two, or three 
equivalents of water or a base, giving rise to three classes 
of salts of different physical and chemical properties, 
which however are mutually convertible. The monobasic 
acid, H0,P05, gives rise to the me^aphosphates ; 2HO,P06 
to the bibasic, pyrophosphates ; 3HO,P06 to the tribasic 
or common phosphates. Three additional varieties have 
been described. 

The series of phosphates of soda, so ably investigated by 
Graham,* show in a remarkable manner the peculiar flexibility 
of this acid. Thus we have the following list: 

Monobasic, NaO.POj, Metaphosphate of soda. 

T.., . ( NaO.HCPOfi, Bipyrophosphate. 

iiibasic, |2NaO,P05, Pyrophosphate. 

NaO,2HO, POs, Acid phosphate (exists in the urine). 

Tribasic, \ 2N«iO.HO,P06, Common phosphate (ofl&cinal). 

( SNaO.POs, Subphospnate (exists in the bile). 
Each variety, in case of double decomposition, combines with 
the same amount of the new base as it previously possessed. 
Thus AgO,N05H-NaO,P06=AgO,P06+NaO,N05H^; ^l AgCNO^) 

* Element* of Ghemittry, Am. ed., p. .321. 
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+2NaO,P06 = 2AgO,P05+2(NaO,N05) ^ ; 3(AgO,NO.)+2NaO. 

HO,POj = 3AgO,P05V2(NaO,NO,) ^ + HO.NOsh^ . The tribasio 

variety may be converted into bibasic and this into monobasic by 
the application of heat, or the process may be reversed by long 
boiling with water. The natural phosphates are all tribasio. 

Officinal Forms. — Acidum phosphoeicum qlaciale, 
glacial phosphoric acid, is HO^POg; the Acidum phos- 
PHORicuM DiLUTUM, s. g. 1056, contaiDS SHOjPOj. The 
acid is tonic and refrigerant. The phosphates are admin- 
istered in certain cases of defective nutrition. 

Phosphoric acid should give no precipitate with nitrate of 
silver or chloride of barium (absence of HOjSOs, or HCl) ; should 
not be coloured by HS, or NH4S,HS, (absence of metallic im- 
purity) ; should not corrode a strip of silver, (absence of HO, 
NOj) ; should not affect HgCl, (absence of POa). 

Phosphorous acid, PO^, formed during the slow com- 
bustion of P, is unimportant in medical chemistry. 

221. Hypophospliorous Acid, not isolable, HO,PO -f 
2HOs=66. — Is formed when P is boiled with an alkali or 
alkaline earth, phosphuretted hydrogen being given off. 
3(CaO,HO)+P4 = 3(CaO,PO)^ + PHJ (approximately). 
The hydrated acid is a syrupy liquid, easily decomposed, 
a powerful reducing agent. The EypophosphUea have 
been used in tuberculous cachexia, impotence, etc. Oxide 
of P (P2O) is unimportant is supposed by some to be 
merely allotropic P. 

222. Phosphuretted Hydrogen, which results from the 
union of its elements when in the nascent state, is given 
off during the manufacture of the hypophosphites, or when 
CaP is thrown into water. It is a mixture of the solid 
P2H, liquid PHa, and gaseous PH3; it is spontaneously 
inflammable, a property which it loses when mixed with 
a small quantity of ether or turpentine, and which is due 
to the presence of PH.2. It has a garlicky odour, and is 
poisonous ; it is decomposed by CI and oxone. 
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CHLORINE, Cl=35-6. 

223. Nat. Sources. — Common salt ; the native chlorides. 

Prep, — (1) By gently heating 4 parts of hydrochloric 
acid, HCl, with one of binoxide of manganesef Mn02. 
Mn02+2HCl=MnCU+2HO^ +C1-*. (2) By the action of 
dilute acids on c/iZori(ie of lime (bleaching salt), CaO,C104- 
CaCi+2(HO,S03)=2(CaO,S08)+2HO-*+CU. The gas 
may be collected by displacement 

Prop. — A heavy greenish yellow gas, of a suffocating 
odour, s. g. 2470; water absorbs two vols. (Aqua Chlo- 
BiNii, XJ. S. P.) It supports combustion, but is fatal to 
animal life. By cold and a pressure of 4 atmospheres, 
becomes a bright, yellow, limpid liquid, s. g. 1-33; has 
not been obtained solid. It is a powerful deodouriser and 
bleacher of organic colours (except carbon). Colours re- 
moved by chlorine cannot be restored. 

Med. Effects. — Even when diluted, chlorine causes 
spasm of the glottis, and, if inhaled, great irritation of 
the air passages and congestion of the lungs. Some relief 
is afforded by the inhalation of alcohol or ether Much 
diluted, has been inhaled in aphonia and chronic bron- 
chitis, and might be useful in the case of metallic foreign 
bodies in the air passages, which resist ordinary surgical 
measures for extraction, causing their gradual conversion 
into soluble chlorides. It is given internally in solution 
in scarlatina, diphtheria, and other anginose aflFections. 

Its solution in water is officinal as Aqua Chlorinii, 
and is prepared by passing a current of washed chlorine 
into distilled water, in a large bottle loosely plugged with 
cotton, agitating the liquid from time to time until satu- 
rated. Chlorine water has a yellowish colour and the 
odour of the gas; is apt to decompose, forming HCl and 
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O ; it should be kept in a cool place excluded from the 
light ; it contains CIO and CIO7. 

224. Gen, Chem. Relations. — Chlorine is the type of the 
Halogens (salt-generators), a group of highly electro-neg- 
ative bodies, having a feeble afi&nity for 0, but an energetic 
one for H and the metals; so much so that the halogens 
are never found uncombined in nature. The other Halogens 
are Bromine Br, Iodine I, and Fluorine F. The members 
of the Cyanogen group, although compound bodies, act as 
halogens, and are conveniently studied in connection with 
them. The halogen compounds, except those of F, are 
mostly soluble, and are obtained directly or indirectly from 
the -sea. The compounds of the halogens with H are add^ 
(hydrogen acids, hydracids) ; with the metals they com» 
bine directly to form aalts (Ex., NaCl — common salt), 
which are simpler in constitution than the amphide salts 
(184), being binary compounds. When a hydracid is 
added to an oxygen base^ water and a haloid salt result; 
AgO+HCls=AgCl-f HO^. An oxygen acid, added to a 

haloid salt, gives an oxy-saU and %</racie?; NaCl+HO, 
S03=NaO,S03->+HCP. An oxy-salt, reacting with a 
haloid salt, yields new compounds of the same type ; AgO, 
N05+NaCl=AgCl+NaO,N05->. The deodourising and 

bleaching powers of CI are due to its affinity for H; ozone 
is probably set free as a secondary product in some cases. 
The combustion of a taper or other hydrocarbon in CI 
is due to the combination of the latter with the H of 
the former. 

So energetic are the affinities of 01 for H and the metals, that 
a paper dipped in oil of turpentine will give rise to a spontane- 
ous flash of light, HCl being formed and the carbon deposited 
in a dense, black cloud. Most of the metals in leaf or powder 
born spontaneously, forming chlorides. P also combines at or- 
dinary temperatures, forming PCU, but the flame is feeble, owing 
to the absence of solid matter (212). 
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Tests. — When free, its odour and bleaching properties; 
either combined or free, gives, with AgOjNOj, a white 
curdy precipitate of AgCl, insoluble in cold or boiling HO, 
NOs, soluble in ammonia, and blackening on exposure to 
light. 

225. Chlorine and Oxygen. — These elements do not com- 
bine directly, and their compounds are unstable. They 
are Perchloric acid, HOjCIOt, not isolable; Chloeic acid, 
H0,C106 ; Hypochloric acid, CIO4 ; Chlorous acid, CIO3 : 
and Hypochlorous acid, CIO. 

226. Chloric Acid, HO,C105=85. 

Prep. — By passing a current of CI into hot caustic po- 
tassa, KO,HO, — chlorate of potassa, KOjClOg, and chloride 
of potassium are formed. 6(KO,HO)4-Cl6=KO,C10<^-f 
5KCU + 6H0. The hydrated acid is obtained by decompos- 
ing chlorate of baryta, BaO,C105 by diluted H0,S03; BaO, 
SO3 + nHOjClOj^ result. The solution is concentrated by 

evaporation in vacuo. It is a sour liquid, a powerful oxy- 
dising agent, and easily decomposed. The chlorates are 
all soluble and deflagrate with combustibles, even more 
violently than the nitrates; hence their use in pyrotechny. 
The Chlorate op potassa, K0,C105, is officinal. By add- 
ing strong sulphuric acid to KOjClOg, explosive, yellowish 
vapours of CIO4 arise. This gas may be liquefied by cold 
and pressure, and is readily soluble in water. It does not 
form salts. 

227. Hypochlorous Acid, C10=43-5. — Is a gas resem- 
bling chlorine somewhat in colour, odour, and exceeding it 
in bleaching properties, s. g. 3040; water dissolves 200 
vols. It readily decomposes with explosion. The acid 
itself is unimportant. The hypochlorites are largely used 
as deodourisers and internally in cases where CI is indi- 
cated, and as a convenient extemporaneous source of that 
clement. The chloride of lime, so called, contains hypo- 
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chlorite of lime and chloride of calcium ; it is made by 
passing CI gradually over hydrate of lime, 2(CaO,HO) 

+ Cl2= CaO,CiOTCaCH 2H0 ; from this the other hypo- 
chlorites may be obtained by double decomposition. 
228. Chlorine and Hydrogen; Hydrochloric, or Muriatic 

Acid, HCl=36-5. 
Prep. — By decomposing common salt by H0,S03. 

NaCl+HO,S03=NaO,S03H.+ HCl. The gas is passed into 
a succession of bottles containing water, in which state of 
solution it is used in practice, Aoidum muriaticum, 
U. S. P. To obtain it pure, it should be diluted with an 
equal bulk of water and distilled over chloride of barium, 
BaCl. 

For making a small quantity, the following proportions will be 
found convenient: 3 of NaCl, 5 of HO.SOs, and 5 of HO; three 
of no are mixed with the H0,S08, and when cool poured upon 
the NaCl in a lar^e retort which ia gently heated ; the remain* 
ing two parts of HO are placed in the receiver to absorb the 
gas. The gaseous HCl is c(mveniently obtained on the small 
scale by boiling an ounce or two of the commercial acid. 

Prop. — The gaseous acid is colourless, irrespirable, s. g. 
124*7 ; extinguishes flame, and is incombustible. It has a 
pungent acid odour, and fumes in the air, from its attrac- 
tion for moisture. By a pressure of 40 atmospheres it con- 
denses into a limpid liquid, s. g. 1-27. Water absorbs 480 
vols, and increases in bulk |. The strongest solution still 
contains 6 eq. of water; its s. g. is 1-21. The commercial 
acid contains 8 eq. of HO, s. g. 116. It is, when pure, a 
colourless liquid fuming in the air, sharply acid and cor- 
rosive ; the commercial acid has a yellowish colour due to 
iron or sometimes to organic matter. It may be purified 
by diluting with an equal bulk of water and distilling over 
chloride of barium. 

Chem. Relaiions.-^It is the type of the hydraoibs. It 
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acts on easily oxidised metals, as zinc, with the evolution 

of H, and formation of the chloride ;Zn + HCl=ZnCU » H. 
With bases it forms a chloride and water, AgO+HCl= 
AgCl + HO->; FA,3HOH-8HCl=F,Cl3^-|-6HO. Two 

measures of HCl to one of HOjNOg, form Nitromuriatio 
ACID, Aqua regia, which will dissolve gold and platinum. 
It contains free chlorine and chloronitric acid, NO2CI2, 
chloronitrous acid, NO^Cl, and does not keep well. 

Med. Effects. — In large doses, HCl is an irritant poison; 
antidotes, chalk, soap, etc. In moderate doses, gtt x to xx, 
is used in low fevers, scarlatina, phthisis, dyspepsia, and 
diphtheria. Is usefully added to gargles, as infusion of 
cinchona, in the proportion of f^ss or f^ij to f^vi. 

Officinal Forms. — Acidum muriaticum, s. g. 1*160. 
AciDUM MURIATICUM DiLUTUM, made by adding aquse des- 
tillatsR, q. s. to giv. of the acid to make Oj; s. g. 1038. 

Muriatic acid should be colourless, wholly volatilised by heat; 
when diluted with aq. destillat. should yield no precipitate with 
US (absence of metals generally), BaCl (absence of HO,SOg), 
ammonia in excess (absence of iron), should not dissolve gold- 
leaf (absence (»f HCNOg). 

229. Acidum NitromuriaticTim.— R. Add, nitric 3iij; 

acid, muriatic. Jvss; after eflfervescence has ceased, keep 
in a glass-stoppered bottle, protected from the light. Aci- 
dum nitromuriaticum dilutum is made by adding to the 
former aq, destillat. q. "s. ad Ojj. Is supposed to act speci- 
fically on the liver. Is used internally in the same doses 
as acid, muriat., and externally in baths. 

230. Other Compounds op CI. — With N it indirectly 
forms a highly explosive oily liquid, NCI3 (?) ; with S, by 
direct combination, SCI and S2CI, both reddish liquids of 
oflfensive odour; the latter is used in the vulcanisation of 
India-rubber. With P, directly, PCI5, a solid; and indi- 
rectly, PClft, a liquid. 
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BROMINE, Br=t8-26. 

231. Nat. Sources. — Sea-water, saline springs, etc., from 
which it is obtained by a process analogous to that for 
procuring chlorine. Is officinal as Brominium. 

Prop. — Opaque, brownish-red liquid. The only ele- 
ment besides mercury existing in the liquid form at ordi- 
nary temperatures; s. g. 2*966; at 19^ freezes. 

Is volatile at ordinary temperature ; has a peculiar odour 
resembling chlorine, but quite distinct ; caustic taste ; boils 
at 145*4°, giving a vapour resembling NO4 ; s. g. 6390. 
Slightly soluble (3 p. c.) in water, more so in alcohol and 
ether. Is caustic, and stains the skin yellow. 

6hn. Ghem. Bel. — Resembles Chlorine; it does not 
support combustion, but bleaches. Forms with 0, Bromic 
Acid, HO, BrOj (not isolable), and with H, Hydrobromic 
Acid. Forms compounds (bromides) with N, S, P, CI, 1, and 
most of the metals, of which the Bromide of Potassium 
is officinal. The Bromides are decomposed by CI, but Br 
decomposes the Iodides. 

Test. — Chlorine water produces an orange-yellow tint 
in a solution, if bromine be present. 

Med. Effects. — In overdose, an irritant poison ; antidote, 
ammonia (Smee). Is used externally, concentrated or in 
watery wolution, as a caustic. Internally is rarely given 
free, generally as Bromide of Potassium. 

IODINE, I=12Y. 

232. Natural Sources. — Is widely diflfused in nature, 
being found in sea-water, sea-weeds, sponge, salt-water 
mollusca, cod-liver oil, mineral springs, in many vegeta- 
bles, and the native iodides, as iodide of lead. It is ob- 
tained commercially from kelpy the ashes of sea-weeds, in 
15 
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which it exists as iodide of sodium. The process is analo- 
gous to that for obtaining 01 and Br. 

Properties. — Soft bluish-black scales of a metallic 
lustre. It may be obtained by sublimation in oblique 
rhomboidal crystals (5th system). It evaporates at com- 
mon temperatures, having an odour somewhat resembling 
that of CI and Br ; its taste is hot and acrid ; it is irri- 
tant when inhaled, and stains the skin of an evanescent 
yellow; when continually applied, it causes thickening and 
desquamation of the cuticle. The s. g. of iodine is 4*948 ; 
it fuses at 225^, boils at 341°, giving a vapour of a beau- 
tiful violet colour, and having a s. g. 8716. It requires 
7000 parts of water for solution, which is of a brownish 
colour. The addition of iodide of potassium renders it 
freely soluble. It is soluble in 12 parts of alcohol, and 
freely in ether, glycerine, and benzole. 

General Chemical Belations. — Has the general charac- 
ter of the halogens (244). Its affinities are more feeble 
than those of CI and Br. It does not bleach, but is a de- 
odouriser. Indirectly, it forms iodic acid, H0,I05, the 
periodic acid, H 0,107, the hydriodic acid, HI; also com- 
pounds with N, S^ P, CI, Br, and the metals. Iodine, 
hydriodic acid, the iodides of sulphur, potassium, iron, 
lead, arsenic, and mercury are officinal. The iodide of 
nitrogen, NHI2, made by adding ammonia to a strong 
tincture of iodine, is when dry a black solid, exploding 
when touched. 

Impurities. — Fixed adulterations, as charcoal, plum- 
bago, and black oxide of manganese, remain when the 
iodine is sublimed. Water, which sometimes exists to the 
extent of 16 or 20 per cent., may be detected by the scales 
of iodine adhering to the sides of the bottle, and removed 
by quicklime. Iodide of cyanogen being more volatile 
than iodine, rises at the beginning of the sublimation, 
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and condenses on a cold surface in colourless, pungent 
crystals. Test. — Boiled starch yields a deep blue colour; 
the solutions must be cold, and the iodine free. If com- 
bined, it may be liberated by H0,N05. 

Medical Effects, — Is used externally as a counter-irri- 
tant and discutient ; internally as an alterative. In over- 
dose, is an irritant poison ; antidote, boiled starch. The 
contact of metals in any form should be carefully avoided 
in administering it. 

233. Officinal Forms : — 

(1) lodinium, 

(2) Tinctura lodinii contains gj in Oj alcohol, or gr j to 
gtt XXXV. When first made it is decomposed by admix- 
ture with water; after a time, hydriodic acid, HI, and 
other compounds are formed which prevent this. It is 
generally used externally. Dose, gtt x to xx. The so- 
called colourless tincture of iodine is made by adding an 
equal bulk of solution of ammonia (216). It contains 
iodide of ammonium ; explosive iodide of nitrogen might 
be formed from it (232). The tincture is also decolourised 
by the addition of hyposulphite of soda. Iodide of sodium 
is formed. 

» (3) Tinctura lodinii Composita contains Jss lodinii, 3j 
Fotassii lodidi, to Oj Alcohol. It may be diluted without 
change. Dose, gtt x to xxx. 

(4) Liquor lodinii Gompositus — LugoVs solution con- 
tains gr ccclx of Iodine, giss Potass. lodid,, in Oj Aquas. 
The iodine is rendered soluble by the KI. This solution 
keeps well , and is the best form for internal use. Dose, gtt v. 

(5) Unguentum lodinii is made by rubbing^r xx lodinii, 
gr iv Potass. lodid. with v^v] Aquas, until dissolved ; then 
mixing thoroughly with gj Adipis, 

(6) Unguentum lodinii Gompositum is prepared in the 
same way, using gr xv lodinii, gr xxx Potass. lodid., 
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n\,xxx AquK, and ^j Adipis. Is somewhat stronger than 
the former, and keeps better. 

(7) Addum Hydriodicum Dilutum is made by passing a 
current of HS through I, suspended in distilled water, 
until the color of the I disappears; sulphur is deposited. 
3j lodiniiy with q. s. Aquce desitillaice to make Syj, are the 
proportions used. I+HO+HS=HI^+HO^+S. Thes.g. 

of the preparation is 1-112; it contains 10 grs. of I to f^j. 
Dose, gtt iv, gradually increased. Effects, those of I. 

(8) Sulphuris lodidum — Iodide of Sulphur ^ SJ; is 
made by melting together in a glass flask a mixture of ^iv 
lodinii and ^j Sulphur, svhlimat. It is insoluble in 
water, soluble in 60 parts of glycerine ; entirely volatilised 
by heat, and decomposed by long boiling in water. Is 
used externally in chronic skin diseases. The Ung. Sul- 
phuris loDiDi contains gr xxx to ^j Adipis. It should not 
be perfumed, as S2I is decomposed by many volatile oils. 

FLUORINE, F=19. 

234. Nat. Sources. — Fluor spar, CaF, Cryolite, AI2F3, 
3NaF ; it exists in recent bones and the enamel of teeth. 
Owing to its energetic affinities, has never been satisfac- 
torily isolated. Its only compounds with the non-metallic 
elements are Hydrofluoric Acid, HF, fluoride of silicon, 
SiFs, and fluoride of boron, BFj. 

Hydrofinorio Acid, HF=20. — Is prepared by the action 
of HOjSOg upon powdered fluor spar in a leaden vessel, 

CaF+HO,S03=CaO,SOj^,+HF. Is a colourless, highly 
corrosive gas, s. g. 689 ; below 60°, is a colourless liquid, 
s.g. 106; it has not been frozen. A hydrate, 4H0,HF, s» g. 
1*16, is made by gradually adding water to this liquid; it 
boils at 284°, and may be preserved in gutta-percha bot- 
tles. It is chiefly used for etching upon glass, which it 
accomplishes by attacking the silica of that substance. 
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In etching upon glass, the plate is first covered with wax, con- 
reniently by pouring over it a solution of wax in benzine, and 
allowing the latter to evaporate. The design is then traced 
through the wax with the point of a needle, and the plate laid, 
face downwards, upon a leaden trough containing the powdered 
CaF and HO,SOj. The gas rises upon the application oi a gentle 
heat, and speedily corrodes the glass where not protected by the 
wax ; the latter may be removed by benzine or oil of turpentine. 
The liquid acid may be used, but the lines while eaten into the 
glass are transparent and not easily seen ; when the gaseous acid 
is used, they are rough and translucent. 

CYANOGEN, C^N orCy = 26. 

235. Prep. — C and N unite at a high temperature in 
the presence of a strong base. When a current of N or air 
is passed over a mixture of charcoal and pearlash heated to 
redness, cyanide of potaasiurrij KCy, is formed, K0,C02+ 

C4+N = KC2N_+3CO. It is also formed during the de- 
structive distillation of coal and animal matters, the ammo- 
nia formed at the same time acting as the base. It may 
be obtained free by heating to redness well dried cyanide 
of mercury, HgCy ; a portion of the Cy passes over, the 
mercury volatilises, but is condensed in the cooler part of 
the retort, and a black body, paracyanogen, C4N2, remains. 
The gas must be collected over mercury. 

Prop. — A colourless, neutral gas, of a pungent odour, 
irritating to the eyes, highly poisonous, inflammable, burn- 
ing with a peachblossom-coloured flame, s. g. 1806. Water 
dissolves 4.5 volumes, alcohol 23 volumes ; the watery 
solution rapidly decomposes on exposure to light, is con- 
densed by cold and a pressure of three atmospheres into 
a colourless, limpid liquid, s. g. 0.9; at — 30° is solid. 

Chemical Relations. — Although a compound, cyanogen 

acts as an element. It belongs to the halogens, forming a 

hydrogen acid, HCy, and cyanides. Its aflSnities are less 

onergetic than those of Gl, Br, and I ; it does not combine 

15* 
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directly with H, bleach, nor support combustion, except 
of the alkali metals, which, when ignited and introduced 
into it, combine directly, producing their cyanides. It 
forms a curious and important series of conjugate com- 
pounds* with S and certain metals, which are not isolable, 
but have the same chemical relations as Cy. The most 
important of these are, FBRROOYANoaEN, FeCys or Cfy,/er- 
ricyanogen, FcjCye or Cfdy, and Bulphocyanogen^ S,Cy or 
Csy. 

With 0, it forms a series of acids which exist (except cyanuric 
Cy«Oj) only in combination with water or a base ; they arepoZy- 
meric — that is, have the same constituents in multiple propor- 
tions. HO,CyO, Cyanic acid; the cyanate of ammonia is identical 
or isomeric with urea. 2R0fijfi^jfulminic acid', the fulmi- 
nates are highly explosive ; that of mercury is used in percussion- 
caps and fnction-primers. 3HO,Cy808, cyanuric acia, and HO, 
CysOgj-f 2H0, fulminuric acid. 

236. Hydrocyanic Acid {Prussip Add), HCaN, or HCy 
-2t. 
Prep. — Anhydrous by passing dry HS over dry cyanide 

of silver, AgCy+HS=AgS_^-f-HCy ; diluted by the reac- 
tion of AgCy and HCl-f-nHO=AgCl+HCy+nHO,-> oi 

by the action of dilute sulphuric acid upon ferrocyanide 
of potassium, KjFeCyg. This reaction is complex. 

Prop. — AnhydrouSy a colourless liquid, s. g. 7 058; 
powerful characteristic odour ; solid at 3^, boils at T9° ; 
s. g. vapour 696. Is fearfully poisonous, whether applied 
to the tongue, the skin, or when inhaled ; a single drop 
placed upon the tongue produces almost instant death. 
It is feebly acid, and prone to decomposition. The diluie 
acid possesses the same properties in a less degree ; it has 
a warm, acrid taste, and inhaled produces irritation of the 
nose and fauces. 

* Conjugate compoundn are those in which the properties differ from 
those of their coDStituents in degree rather than in kind. 
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Medical Effects, — In medicinal doses, is sedative and 
tiutispasmodic ; externally, is applied to allay the itching 
of prurigo. Dose of the medicinal acid, gtt ij to Tj, diluted. 

In poisonous doses, the effects are, sudden loss of con- 
sciousness, difficult and rattling respiration, immobility, 
and sometimes contraction of the pupils, swelling and 
stiffness of the neck, and convulsions. In many cases 
death is almost instantaneous. Where time is allowed 
for the use of antidotes, chlorine^ which may be liberated 
by moistening chloride of lime on a towel with vinegar, 
is the most efficient. It may be inhaled cautiously, or 
given internally as chlorine water. Next to chlorine ranks 
ammonia; a mixture of ferrous sulphate, FeO,SOs, with 
ferric . sulphate, Fes08,3S08, and carbonate of potassa, 
K0,C02, has been used successfully. It converts the 
poison into inert Prussian hlue^ YeS^^j^^ Gold affusion 
to the spine, and frictions, are also to be employed. 

Tests. — When not overpowered by other strong odours, 
that of HCy is characteristic. 1. Nitrate of silver gives 
a dense white precipitate, insoluble in cold, H0,N05, solu- 
ble in boiling, H0,N05, not blackened on exposure to the 
light (distinction from AgCl). When well dried it may 
be decomposed by heat in a tube of hard glass, and the 
characteristic flame of Cy obtained. 2. Scheele^s. Add to 
the suspected solution a few drops of a solution of fer- 
rous sulphate, FeO,SOa, followed by solution of potassa, 
KO,HO, a greenish colour will be produced, which darkens 
on agitation, from the absorption of O. Then add diluted 
HCl ; Prussian blue, Fe4Cfy3, will remain behind, and may 
be recognised by its colour and insolubility in dilute acids. 
3. Liebig^s. Add to the suspected solution a few drops of 
sulphydrate of ammonia, NH4S,HS, sulphocyanide of 
ammonium will be formed (NH4S,HS4-HCy4-02 (air)= 
NH4S2Cy+2HO). This gives a blood-red tinge with the 
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salts of the sesquioxide of iron (ferric salts). Sulphocya- 
nide of potassium, KS^Cy, exists in the saliva of man, the 
dog, horse, and sheep ; * this fact should be borne in mind 
in using this test. 

The silver test is the best. A drop of the solution of the ni- 
trate of silver is put into a watch glass, or on a glass plate, which 
is inverted over a bottle containing the suspected substance. A 
white insoluble crystalline deposit is formed. The test thus per- 
formed is free from fallacy.f The contents of the stomach should 
not be acidulated. It is useless to seek for the acid in a medico- 
legal case after putrefaction has begun. 

Officinal Form. — Acidum Hydrocyanicum dilutum. 
Prepared (1) by the action of dilute sulphuric acid upon 
ferrocyanide of potassium, (KjCfy). (2) Extemporor 
neously, by mixing 50^ grs. of cyanide of silver^ AgCy, 
with ^i of distilled water, and adding 41 grs. of muriatic 
acid. When the chloride of silver has subsided, pour off 
for use ; it should be kept in well-stopped bottles, away 
from the light. It contains two per cent, of real acid. 
Dose, gtt i to V. Scheele^s acid contains 5 per cent, and 
should never be employed. Incompatibles, the alkalies, 
salts of silver, iron, copper, and mercury ; paregoric, 

237. Ferrocyanogen, FeCya, or Cfy, Ferricyanogen, Fe, 
Cye or Cfdy, and Sulphocyanogen, SaCy or Csy. When cy- 
anide of potassium is digested with iron filings, oxygen is 
absorbed, the iron disappears, and lemon-yellow crystals of 
ferrocyanide of Potassium, KaFeCys+SHO or KaCfy, may 
be obtained on evaporation. By passing through a cold 
dilute solution of KjCfy a current of chlorine, the liquid 
acquires a reddish colour, and on evaporation yields ruby 
crystals of ferricyanide of potassium, KsFeaCy^, or Kj 

* Lbhm Ann's Physiologieat Chemistry f i. 421. 
f Wormley, Micro- Chemistry of Poisons, 64, 578. 
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Cfdy ; 2KaFeCy8 + CI = KjFe^Cyfi-^ + KCl->. Sulpho- 
cyanide of Potassium, KSjCy or KCsy, is prepared by fus- 
ing S with KCy. 

Ghemical Relations. — These remarkable bodies are 
members of a group of bodies (argento-cyanogen, pla- 
tino-cyanogen, cobalto-cyanogen, nitro-prussides) none of 
which are isolable. They are all electro-negative, and 
act as halogens, forming H acids (hydroferrocyanic 
HjCfy, hydroferricyanic HgCfdy, hydrosulphocyanic HCsy) 
and salts. The ferrocyanides of potassium and iron are 
officinal. 

The iron in the ferro and ferricyanides has its chemical and 
to a certain extent its physical properties suspended. It has 
become electro-negative. It cannot be detected by the usual 
chemical tests, and the crystals are diamagnetic, that is, are 
repelled by the magnet, whereas all bodies in which iron exists 
in its ordinary, or basic, or electro-positive form, are powerfully 
magnetic. 

BORON, B=10-9. 

Is an unimportant element belonging to a natural group 
with carbon and silicon. It exists in boracic acid, BO3, 
which is found in certain lagoons in Tuscany, and as 
Borax, biborate of soda, NaO,2B03-f lOHO, found native 
in India and California. BO3 fuses to a transparent glass, 
its crystalline hydrate, HO,B03+2HO, is in transparent 
pearly scales (5th system), soluble in 25 parts of cold and 
3 of boiling water, and in alcohol, to the flame of which it 
communicates a green colour; it is volatilised at a white 
heat. It is nearly tasteless, and feebly reddens litmus ; at 
ordinary temperature is the feeblest of the acids, but from 
its fixed character will decompose the sulphates at a red 
heat (171). 
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SILICON, Si=21. 

238. Exists combined in natare as Silica, SiOs. In this 
form it is abundantly distributed, silica being found nearly- 
pure as quartz and sand, and combined in clay, granite, 
feldspar, and many crystallised minerals. It exists also 
in the stalks and husks of grain, in the ashes of plants, in 
the hair, and forms the skeletons of infusoria, which, when 
fossil, constitute polishing slates and powders. The ele- 
ment has been, like boron, obtained in three forms, resem- 
bling carbon in its modifications of the diamond, graphite, 
and lampblack. 

Silica, Silicic Acid, SiOs. — Quartz, flint, agate, chal- 
cedony, etc., are nearly pure varieties of this substance. 
From its insolubility it possesses no acid reaction, but at 
a high temperature combines with bases to form the sili- 
cates, as glass. Mr. Graham has obtained it in the soluble 
form by dialysis (128). It has then an acrid taste, and 
reddens vegetable blues ; it speedily assumes the insoluble 
or pectised condition. It may be precipitated from an 
alkaline silicate as a gelatinous hydrate containing a vari- 
able proportion of water ; it is then soluble in the mineral 
acids and combines with caustic alkalies. The latter 
attack the softer forms of glass, abstracting the silica. 
With F it forms a gaseous fluoride of silicon, SiFj, which 
is decomposed by water, yielding silica and hydrofluosilicic 
acid, 2HF,3SiF8. The latter is used in analysis. 

THE METALS. 

239. Nat. Sources. — The less easily oxidised metals, *s 
silver, gold, platinum, copper, and bismuth, are found na^ 
live, that is in the metallic state. Lead, copper, mercury, 
arsenic, antimony, and iron, zinc and others, occur as sul- 
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phides. Iron and tin usually occur as oxides. The fol- 
lowing occur as oxy-salts: the metals of the alkalies and 
alkaline earths, as carbonates, sulphates, and silicates ; iron 
as carbonate, zinc as carbonate and silicate; lead as car- 
bonate, sulphate, phosphate, etc. The native chlorides 
and iodides, except of sodium, are rare. 

240. Extraction. — Native metals are separated from 
the surrounding rock or gangue by crushing ; the metal 
being tougher resists, while the rock is powdered ; the two 
are then thrown into water; the metal, by its greater 
specific gravity, sinks, while the powdered rock remains 
temporarily suspended and is poured off with the water. 
When the metal occurs in large masses, these are picked 
out by hand ; when the particles are very fine, they cannot 
be separated by difference of specific gravity, and are then, 
in the case of the precious metals, extracted by amalgama- 
tion, the action of chlorine or the alkalies, which latter 
dissolve the quartzy gangue. Oxides and oxy-salts are 
reduced by carbon at a high heat. Sulphides are roasted, 
that is, heated with exposure to air ; the S is burned off, 
and the metal generally remains as oxide. 

241. Properties. — The metals are all opaque; gold in 
very thin film transmits a greenish light. They are all 
insoluble in menstrua. When attacked by acids, it is not 
true solution, but chemical compounds are formed. They 
have a brilliant lustre; this is also possessed by C 
(graphite), I, and some sulphides (galena, pyrites, etc.). 
They are the best conductors of heat and electricity, silver 
standing first, and bismuth last on the list. Some, as gold, 
iron, lead, and tin, are highly malleable; gold may be 
beaten into leaves the 355'^^^ of an inch in thickness ; bis- 
muth, antimony, and arsenic may be powdered; zinc is 
malleable or brittle according to the temperature. Their 
ductility or 'enrtcify varies. Iron and platinum bear draw- 
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ing into very fine wire ; lead has only -^^ the tenacity of 
the former. Their specific gravity varies from lithium, 
0*593, the lightest solid body known, to platinum, 21-530, 
the heaviest, l^heix fusing points vary from — 39° mercury 
to the heat of the compound blowpipe. They are proba- 
bly all volatile J but the following may be distilled : mer- 
cury, zinc, cadmium, arsenic, potassium and sodium. 

242. Ghem. Relations. — With each other they form al- 
loys; those with mercury are termed amalgams. They 
all unite with 0, but with varying affinity. Some, as po- 
tassium, decompose water at ordinary temperature ; others, 
as iron, at a red heat ; others, as silver, gold, and plati- 
num, will only unite by indirect methods. The protoxides 
are strong bases, the seaquioxides feeble ones, sometimes 
acting as acids ; the higher oxides are generally neuter or 
acid. The sulphides, chlorides, and iodides generally cor- 
respond in their number and the proportion of their con- 
stituents to the oxides Ex. : FeO,Fe208, FeSjFczSa, FeCl, 
FejCls, etc. As exceptions to this law, we find generally 
more sulphides than oxides, and fewer chlorides and iodides. 

Gonstitvtion of Salts. — A salt is the union of an acid 
with a base, or of a halogen body with a metal (224). 
Oxygen, sulphur, selenium, and tellurium are the only 
electro-negative bodies capable of forming both acids and 
bases. Ex. : K0,As08 ; KS,AS3;KSe,AsSe3 ; KTcAsTe.,; 
they are termed the amphigen bodies (184). The amphi- 
gen must be the same in the acid and base. 

Thus, an oxygen acid will not unite with a sulphur base, but 
decomposes it. KS+HO,S08=KO,SO»^4-HS.^ Sometimes we 
have a union of an oxide and a sulphide or chloride, forming an 
oxysulphide ; Ex.: Sb08,2SbS8 ; or oxychloride^ as 5SbOs,SbCl8; but 
these are not salts. The only important amphide salts are those 
of and S. It has been proposed to brin^ all salts under the 
same constitution, as haloid salts, by assuming the H as the acidi- 
fying principle in all acids. Under this biimry theory of salts, 
sulphuric acid is HjSOj, sulphate of potassa K,S04, etc., the metals 
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merely replacing the hydrogen of the acid. This theory, although 
attractive, is incompatible with many well-established chemical 
facts. 

243. Normal Salts. — The rule in regard to the constitu- 
tion of oxy-salts is, that they must contain as many 
equivalents of acid as there are of oxygen in the base. 
Thus, for a protoxide one, FeOjSOj; a sesqui- or ter-oxide 
three, FeaOjjSSOa, BiOajSNOg. Such salts have been termed 
neutral, but normal is preferable, as the salts of the ses- 
quioxides are acid to test-paper. Where a body is chemi- 
cally indifferent as MnOa, the term neuter is suggested. 
Where the proportion of acid is not so great as that indi- 
cated, a sub-salt is formed which generally crystallises 
imperfectly or not at all, and is in many cases insoluble; 
3PbO,C4H303, ^m-acetate of lead; 2Fe203,5S03, sm6-su1- 
phate of sesquioxide of iron. 

The student is generally confused, in studying the sesqui com- 
pounds, by overlooking the fact that the equivalent is doubled. 
The proportion of iron in FcjOa is FeO 1 J ; but to avoid the half 
equivalent, the formula is doubled; hence, tioo eq. of a protoxide 
yield but one of a sesquioxide. In all cases of reactions of 
sesqui compounds, three equivalents of the reacting body are 
required. The student will find the study of the reactions given 
below very useful in overcoming the difl&culties of those met 
with in the chemistry of the metals. They are the types of 
changes constantly recurring. 

1. Protoxide with HCl; ZnO + HCl=ZnCU + HOh.. 

2. Sesquioxide with HCl; Fe,0„3HO+3HCl=Fe,CU+6nO^. 

3. Protosalt with alkali; FeO,S084-KO,II0 = Fe0,H04-KO, 

SO^^, or FeCl -|- K0,II0=Fe0,H04-KCU. * 

4. The same with an alkaline carbonate; FeO,SOa-f KO,COs= 
FeO,CO,+ KO,SO,^ or FeCl+KO,COa=FeO,CO,+KCU. 

5. Sesqui-salt with an alkali; Fe,08,3SOs+3(KO,IIO)=Fe,0„ 
3II04-3(KO,SOs)h.,* or Fe2Cl,+3(KO,HO)=FeA,3HO-t-3KCU. 

For other important typical reactions, see Chemistry of Chlo- 
rine. 

* The seRqui-salts usually react with alkaline rarbonatcs, as with the 
caustic alkalies, CO2 being given off. 
16 



182 M£DIGAL OHEMISTBY. 

General Methods of Preparing Compounds of the Metals. 

244. 1. Oxides are made by (a) direct combination, as 
in burning zinc; (6) by precipitation of a salt by caustic 
alkali, as in making ferric hydrate, FejOg.SHO (314); 
in this case the oxide is generally hydrated. (c) By 
decomposing an oxy-salt, as in making lime from its car- 
bonate or red precipitate from the nitrate of mercury. 2. 
Sulphides are usually found native or formed by direct 
combination. 3. Chlorides, (a) By direct combination of 
the gas or the free chlorine of Aqua regia (228). (6) By 
the action of HCl on an easily oxidised metal, Zn+HCl= 

ZnCm-H. (c) By dissolving an oxide or carbonate in 
HCl ; ZnO 4- HCl = ZnCl + HO. (cZ) By durable decom- 
position ; AgO,]Sr05 + NaCl = AgCl + NaO,N05. 4. Io- 
dides and Bromides, by direct union, as in iodide of iron, 
or by double decomposition, as iodide of mercury, HgCl + 
KI = Hgl -f- KCl-^. 5. Sulphates and nitrates^ by the 

action of the acid on the metal, or its oxide or carbonate. 
6. Carbonates are found native, or obtained by double 
decomposition, as in Yallet's mass, FeO.COj (320). The 
other salts of the oxy-acids are made by direct action of 
the acid on the oxide of the metal, or its carbonate, or by 
double decomposition. 

245. Isomorphism. — Certain bodies of similar chemical 
constitution have the property of replacing each other in 
crystalline compounds without altering their crystalline 
form. In many cases these similar compounds have the 
same color, and even taste. These bodies are said to be 
isomorphous (Gr. isos, equal, and morphe, form). 

Strictly speaking, any bodies crystallising in the same system 
are isomorphous, as the diamond and alum; but the term is 
restricted to those which have also similar chemical relations. 
The law of Mitscherlich, that ** the same number of atoms simi- 
larly combined produce the same crystalline form," although 
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fenerally correct, cannot be considered as universally true. 
Ixamples of isomorphism are found in the alums (301), in which 
the sesqiiioxides of aluminum, iron, manganese, and chromium, 
and potassa, soda, and ammonia replace each ■ other, without 
change in form, amount of water of crystallisation, &c., and in 
some cases the compounds are only distinguishable by chemical 
tests. In double salts the two bases are never taken from the 
same isomorphous family. Isomorphous salts are separated with 
great difficulty by crystallisation, unless the difference of their 
solubility is considerable. 

The following more important metals are classified in iso- 
morphous groups: (1) Mg, Ca, Mn, Fe, Co, Ni, Zn, Cd, Cu, Cr, 

Al; (2) Ba, Sr, Pb. K, NH^, Na, Ag, Au; (4) Sb, As, Bi. 

246. Classification. — The more important metals (in 
Medical Chemistry) may be thus classified: — 

1. Metals of the Alkalies : K, Na, Li, NH4. Their oxides 
and carbonates are all soluble ; they have a powerfiil alka- 
line reaction and are caustic. Their oxides are soluble in 
alcohol. 

2. Metals of the Alkaline Earths: Ca, Mg, Ba, Sr. Their 
oxides have a more feebly alkaline reaction, are less solu- 
ble in water; MgO is quite insoluble. Their carbonates 
and phosphates are insoluble ; they form soluble bicarbo- 
nates. 

3. Metals of the Earths. Aluminum is the only impor- 
tant member. Their oxides are insoluble, without alkaline 
reaction, and combine with both acids and bases. 

4. Metals Proper; Heavy Metals; Calcigenous Metals: 
Mn, Fe, Cr, Zn, Cd, Sn, Bi, As, Sb, Cu, Pb, Hg, Au, Ag, 
Pt. Their salts are precipitated by HS or NH4S,HS. 
Hg, Au, Ag, Pt are termed noble metals; their oxides are 
reduced by heat alone, and they do not decompose water 
at any temperature. 

The following enter into comi)oiin(ls which arc officinal^ 
U.S. P.: K, Xa, Li, MI„ Ca, Bii, Mg, Al, Fe, Cr, Cu, Cd, 
Pb, As, Sb, Bi, Ug, Ag. 
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POTASSIUM, K=:39.* ' 

Syllabus op Compounds. | 

Oxide (hydrated), KO,HO: (a) Liquor Potassse; (6) 
Potassa. 

Sulphide, Potassii Sulphuretuniy Liver of Sulphur, 

2KS3+KO,S,02, variable. 

Iodide, KI, Potassii lodidum. 

Bromide, KBr, Potassii Bromidum, 

Cyanide, KCy, Potassii Gyanidum. 

Ferrocyanide, KgCjaFe+SHO; Potassii Ferrocyam- 
dum\ Ferricyanide, KaCygFeg; Sulphocyanide, KCyS2. 

Nitrate, KOjNOg, Potassse Nitras, Nitre, Saltpetre. 

Carbonates : (a) Potassse Garbonas impura, Pearlash ; 
(6) Potassse Garbonas^ K0,C02; (c) Potassse Garbonas 
pura, Salt of Tartar; (d) Potassse BicarbonaSj KO,HO, 
2CO2, Sal Aeratus. 

Oxalates, K0,C208+H0; KO,2C203+HO,KO,4C20s 
+ 7H0; Salt of Sorrel, Salt of Lemon. 

Sulphate, KOjSOg, Potassse Sulphas; Bisulphate, KO, 

SOa+HCSOg. ■ 

Chlorate, K0,C106, Potassse Ghloras; Hypochlorite, 
K0,C10 + KCl, Eau de Javelle. 

Acetate, Potassse Acetas, KO,C4H303, or KO,A. 

Tartrates: (a) Potassse BitartraSy KO,HO,C8H40,o, 
Cream of Tartar; (b) Potassse Tartras, 2KO,C8H40,o, 
Soluble Tartar; (c) Potassse et Sodse Tartras, K0,Na0, 
C8H40,o, Rochelle Salt. 

Citrate, KO,Ci2H50,2: (a) Potassse Gitras ; {b) Liquor 

* Officinal compounds have their names in Latin, also in Italics ; the 
symbols indicate their chemical character. 

t The hydrates of oxides of metals, although ternary compounds, are 
considered with the anhydrous oxides and other binary compounds for the 
sake of convenience. 
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Fotassae Citratis; (c) Mistura Potassse Gitratis, Neutral 
Mixture. Fotassa cum calce, Alumen , Ferri et Potassse Tar- 
tras, Potassse Permanganas, Potassse BichromaSj Liquor 
Potassse Arsenitis, and Antimonii et Potassse Tartras will 
be considered under the heads of Ca, Al, Fe, Mn, Cr, As, 
and Sb. 

247. Nai. Sources. — Exists in many rocks and minerals, 
as clay, feldspar, mica, etc. These gradually disintegrate 
and decompose under atmospheric influences ; the potassa 
is taken up from the soil thus formed, and assimilated by 
plants from the ashes of which it is obtained by lixiviation 
as impure carbonate (potash, pearlash). The leaves and 
young shoots are richest in potassa. 

Prep. — By heating the carbonate to whiteness with C; 
K distils over. 

Prop. — Potassium is a brilliant white metal, silvery 
lustre, soft at common temperatures ; brittle and crystal- 
line at 32° ; melts at 144*5° ; distils at a low red heat, 
giving a vapour of a green colour. S. g. 865. It has a 
strong affinity for O, its cut surface instantly tarnishes ; 
it soon oxidises in the air, and must be kept under naph- 
tha or petroleum. It forms with oxygen KO and KO3, 
the latter unimportant. Potassa, KO, is formed by burn- 
ing K in dry air ; it is a white, fusible, volatile body, com- 
bining eagerly with HO, with the evolution of heat. It 
is a powerful base, forming a series of salts most of which 
are colourless and soluble. The best test is bichloride of 
platinum, PtCl2, which forms a yellow, sparingly soluble 
double chloride, KCl -f PtClg. With Sulphur it forms 
five compounds, KS, KS3, and KS5 being the most im- 
portant. The other compounds of K and KO will be 
considered in detail hereafter. 

248. (1) Hydrate, KO,HO ; Liquor Potassse. — Is made 

as follows: Take of Potassa Bicarb. ,5xv, Calcis gix, 
16* 
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Aquss Destillatse q. s. Dissolve the bicarbonate in Oiv 
of the water, and boil until effervescence ceases ; add 
enough to make up the loss by evaporation ; then mix the 
lime with Oiv water, heat to the boiling-point in a metal- 
lic vessel, add to the potassa solution, and boil for 10 
minutes ; strain through a muslin strainer, and add to the 
residue on the strainer enough distilled water to make 
Ovij. Keep in well-stoppered green glass bottles. It 
may also be made by dissolving Potassa, XT. S. P., gi, in 
Oj of distilled water, pouring off the solution from any 
sediment that may deposit. 

The bicarbonate is selected on account of its purity ; it loses 
CO9 during the boiling, becoming sesqui-carbonate. The lime 
forms an insoluble compound with COa, and therefore acts as 
the stronger base (170). With K0,C08, the reaction would be, 
KO,C02+CaO,HO=CaO,C02+KO,HOH^. Green glass bottles 

are less liable to be attacked by alkaline solutions than those of 
ordinary glass. 

Prop, and Med. Effects. — A corrosive, colourless liquid, 
s. g. r065, containing 5/^ per cent, of KO,HO. Has a 
powerful aflSnity for COg. In large doses, a corrosive 
poison ; antidotes: weak acids and oily matters. In medi-- 
cinal doses, gtt xx t. d. is given as an antacid and alter- 
ative. Used in gout, rheumatism, chronic skin diseases, 
obesity, etc. Should be given diluted in milk. Is income 
patible with all acids, acid salts, and those of the metals 
generally, except sodium. 

Potassa, Caustic potash, Potassa fusa, KO,HO, is made 
by evaporating Liquor potassae in an iron vessel until boil- 
ing ceases and the potassa melts ; it is then poured into 
moulds. It is a white, deliquescent solid, producing a 
soapy feel when rubbed between the fingers, from the de- 
struction of the cuticle. The commercial article is impure 
and of a grayish colour ; it may be purified by alcohol, 
which dissolves the KO,HO, and leaves most of the im- 
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purities. It is used externally as an escharotic ; from its 
deliquescent character is apt to spread. It may be neu- 
tralised Jp^ weak vinegar. 

249. (2) SulpMde, Fotassii aulphuretunij Hepar sulphu- 
ris, Liver of sulphur. Frep, — By heating ^j Sulphur 
SublimcU.mixed with ^ij Fotassae carb. until effervescence 
ceases and the mass melts; it is then poured upon a 
slab, and when cool broken into pieces; 3(KO,COa)+S8= 
2KS8+KO,S202+3C02. Is a mixture of tersulphide of 
K with hyposulphite of KG ; on exposure to the air, it 
gradually absorbs O, and becomes converted into sul- 
phate. 

Frop. — A liver-coloured, uncrystalline mass, smelling 
of HS, which is freely evolved by the addition of dilute 
acids. It is freely soluble in water. Med. Effects. — In« 
overdose, a poison irritating the stomach, depressing the 
nervous system and the action of the heart. Antidote : 
Sulphate of zinc, ZnOjSOg. Is rarely used internally ; ex- 
ternally is applied as a lotion, gr. xv to xxx to 3j Aquse 
in chronic skin diseases. Its odour may be disguised by 
oil of Anise (Ruschenberger). Is incompatible with acids, 
acidulous salts, and those of the metals generally. 

250. Bromide, KBr; Fotassii Bromidum. 

» Frep. — Is generally made on the large scale; ^ij of bro- 
mine are added to 3j of iron filings in Oiss of distilled 
water. They combine, by the aid of a gentle heat, to form 
a greenish solution of FeBr; to this is added gij, gr. Ix, 
of pure carbonate of potassa, dissolved in Oiss of distilled 
water, until no further precipitate is produced. The pre- 
cipitate is washed and the filtrate crystallised, FeBr+KO, 
C02=reO,C02-fKBr.^ 

Frop. — In cubic crystals resembling KI; is soluble in 
four parts of water, sparingly in alcohol ; should not lose 
weight on being heated. In taste resembles that of NaCl. 
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Med. EffecU. — Has a marked sedative action on the 
nervoas system ; causes ansBsthesia of the fauces ; is ad- 
ministered before operations or examinations of the throat; 
used in epilepsy, sleeplessness, and other nervous disor- 
ders, in engorgement of the uterus and prostate, sperma- 
torrhoea, etc. Dose, gr. v to xxx, t. d. Iricompatibles, those 
of the iodide. 

251. Iodide, KI; Fotassii lodidum. 

Prep. — Is generally prepared on the large scale. Iodine 
Jxvi is boiled with potassa gvi in Oiij of distilled water. 
The solution is evaporated to dryness, mixed with pow- 
dered charcoal ,^ij and heated for 15 minutes to redness 
in an iron crucible. The mass is lixiviated and the salt 
crystallised out. (l)6KO+Ie=KO,I05+5KI; (2)KO,I06 
4-C6=KI+6CO. 

Prop, — Anhydrous, cubic crystals (1st system), opaque 
white, or transparent; of a saline, cooling, disagreeable 
taste ; soluble in two-thirds its weight of cold water and 
6 or 8 parts of cold alcohol. 

Impurities and Adulterations. — Bromide of potassium, 
sometimes sold for the iodide, does not precipitate with cor- 
rosive sublimate. The most common impurities are : 1. 
Chlorides^ which, with nitrate of silver, throw down a 
white precipitate, AgCl, freely soluble in ammonia. KI 
throws down iodide of silver, Agl, which is scarcely solu- 
ble in ammonia. 2. Bromides, which may be detected by 
removing all the I from the liquid by sulphate of copper 
and SO2, and testing for bromine. lodate and carbonate 
of potassa may be detected by their insolubility in alcohol. 
If the iodide should be very deliquescent, K0,C02 niay be 
suspected. 

Med. Effects. — Those of iodine generally. Used in slow 
poisoning by mercury and lead ; which it is supposed to 
convert in the tissues into iodides, which it afterwards 
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dissolves. May thus render mercury active, and produce 
salivation. Dose, gr. v to xxx; has been given in ^ss 
doses. 

Incompatibles. — Mineral acids, salts of copper, lead, 
silver, iron, manganese ; all the preparations of mercury, 
except the red iodide — tartaric acid. 

Unguentum Potassii Iodidi, is made by rubbing up 
gr. Ix Potass. lodid.f dissolved in fjj Aquae, with Sj Adi- 
pis. 

252. Cyanide — Potassii Gyanidum — KCy. 1^ prepared 
by melting together a mixture of 3^iii dried ferrocyanide 
of potassium, KgCfy, and giij of pure carbonate of po- 
tassa, KO^OOa; iron is precipitated, and the fused mass is 
poured off, and, when cool, broken into pieces, which must 
be kept in well-stopped bottles. The product is a mixture 
of KCy with cyanate of potassa, KO,CyO, and other im- 
purities. It contains on the average not more than 50 p. 
c. of KCy. Pure KCy in crystals may be obtained by 
passing a current of HCy into a solution of KO,HO in 
alcohol. 

Prop. — Is a white, amorphous, deliquescent mass, of 
an acrid taste, a smell of HCy, and irritating to the skin ; 
it is very soluble in water, and sparingly so in alcohol. It 
slowly evolves HCy on exposure to the air, and rapidly by 
the action of dilute acids. Is much used as a solvent of 
silver in photography and electro-plating. It will remove 
nitrate of silver stains from the hands or clothing. 

Med. Effects. — Those of HCy; is uncertain, and rarely 
administered internally. Cases of poisoning by it are not 
unfrequent. The stomach should be evacuated, and the 
antidotes for HCy administered. 

253. Ferrocyanide, KaCfy+3H0; Potassii Ferrocyani- 
dum ; yellow prussiate of potash. 

Prep. — On the large scale by heating refuse animal 
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matter containing N, with pearlash and scrap iron in an 
iron vessel. May be made by digesting iron filings with 
KCy. 

Prop. — Large, transparent, lemon-yellow crystals, square 
octohedra (2d system) ; inodourous, of a sweetish saline 
taste ; soluble in about 4 parts of cold and one of boiling 
water ; insoluble in alcohol. Loses its water of crystalli- 
sation at 126°, and becomes white. Is valuable as a test; 
used as a source of HCy and KCy ; also in the manufac- 
ture of Prussian blue, Fe4Cfy3, and in dyeing. Is not poi- 
sonous, and is rarely used in medicine. * 

Ferricyanide of potassium, KgCfdy, red prussiate of 
potash (237), occurs in ruby red, inflammable crystals (2d 
system), soluble in 4 parts water. Is used as a test and 
in dyeing, but not in medicine. Sulphocyanide of potas- 
sium, KCjNS2, made by digesting the cyanide with sul- 
phur, is used as a test. It exists in the saliva of man 
(236). 

264. Nitrate, K0,N05, Potassas Nitras, Nitre, Saltpetre. 

Prep. — May be made by adding H0,N05 to KO,HO 
or KO,CO^ Exists in many caves in the southwest por- 
tion of the United States, also in India, Egypt, Peru, and 
many parts of Europe. Is formed artificially on the large 
scale in nitre beds. 

N and combine directly under the influence of the electric 
spark; indirectly, when in the nascent state (143), especially 
when in the presence of a powerful base, or when absorbed by 
porous bodies (121). Thus charcoal exposed to the efiluviae of 
sewers contains nitrates from the combustion of ammonia. The 
researches of Kuhlm^nn on the influence of platinum sponge 
have shown that any gaseous compound of N, in excess of 0, 
will produce nitric acid. 

Prop. — Exists in colourless, anhydrous, hexagonal 
prisms (6th system) ; of a sharp, cooling taste ; soluble in 
7 parts cold and its weight of boiling water ; insoluble in 



CHEMISTRY OF THE ELEMENTS. 191 

alcohol. When fused below a red heat and cast into 
moulds, forms sal prunelle; at a higher temperature yields 
a part or all of its O. Is used in the manufacture of nitric 
acid and gunpowder, also in pyrotechny. 

Med. Effects. — In large doses, an irritant poison; no 
direct antidote is known. In small doses, gr. i to x, is sup- 
posed to be refrigerant, diuretic, and diaphoretic. Has 
been employed in fevers, croup, asthma, rheumatism, etc. 
Is not now much administered. Paper, soaked in a strong 
solution, dried and lighted, burns slowly giving oflF fumes, 
which when inhaled afford much relief in some cases of 
spasmodic asthma. 

255. Carbonates. 

Potassae Carbonas impura, Pearlash, is obtained by 
lixiviating the ashes of plants ; it contains many impu- 
rities. When mixed with its weight of cold water, it dis- 
solves, leaving most of these behind, and on evaporation 
gives : — 

Potassae Carbonas, KOjCO^. A white granular deli- 
quescent body of nauseous taste and alkaline reaction. 
Is not quite pure. 

Potassae Carbonas pur a, Salt of tartar. Is made by 
heating and then igniting the bicarbonate. Was formerly 
prepared by heating cream of tartar, whence its popular 
name. In its properties it resembles the last-named salt. 

Potassae Bicarbonas, KO,C02+HO,C02, or KO,HO, 
2CO2. 

Prep. — Is made by passing a current of CO2 through 
a solution of gxlviii of Potass. Carb. dissolved in Aq. Des- 
tillat. Ox until no more is absorbed. The solution is fil- 
tered and evaporated at a temperature not exceeding 160^. 

Prop. — Transparent crystals (3d system), soluble in 4 
parts of cold water ; when the solution is boiled, a portion 
of CO^ if^ GTiven off. It is free from inii>urit'es which are 
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left behind during filtration and crystallisation. It maj 
contain a portion of unsaturated carbonate, in which case 
it will give a brick-red precipitate with a solution of cor- 
rosive sublimate. Sal aeratus is the older name for the 
bicarbonate, but is now usually applied commercially to a 
powder containing a portion of unsaturated carbonate. 
The bicarbonate is less disagreeable, irritating, and alka- 
line than the carbonates, and being pure is used in making 
many of the other preparations of KO. At a red heat it 
loses HO and CO^ and becomes KOjCOg. 

Med. Effects. — The carbonates of potassa, dose gr. x 
to XXX, are antacid, used in gout, rheumatism, lithiasis, etc. 
They are incompatible with all acids, acidulous salts, and 
those of the metals generally. 

256. Oxalates. — Oxalic acid forms with KO: (1) Neutral 
oxalate of potassa, KO,C203+ HO ; (2) Binoxalate, KO, 
2C2OJ+HO, found in certain plants, SisEumex, oxalis ace* 
tosella, and garden rhubarb; (3) Quadroxalate, KO,4C20s+ 
7H0. The two latter are sold as Salts of sorrel^ or SaU 
of lemons, and are used for removing iron mould and ink 
stains. They possess the poisonous properties of oxalic 
ACID (210). 

257. Sulphate, K0,S03, Potassae sulphas. — May be made 
by the action of HOjSOg on those salts of KO which it de- 
composes. Is a residue from making nitric acid on the large 
scale. Is in hard anhydrous crystals (6th system), soluble 
in 10 parts water. Is purgative, but rarely used in medi- 
cine; from their hardness the crystals are employed in 
making Dover^s powder, serving to comminute and inter- 
mingle the Ipecac, and Opium ; from the same property 
when undissolved they may act as an irritant poison. Bi- 
sulphate of potassa, KO,S03+HO,S03, or KO,HO,2S03, 
is a residue after making H0,N05 on the small scale, has 
an acid reaction, is soluble in two parts water ; is used to 
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adulterate cream of tartar. By dissolviog gr ccxx of this 
salt and gr ccxl of Potass, bicarb, separately in water, 
and then mixing them, a cheap, effervescent, purgative 
draught is obtained. 

258. Chlorate, K0,C105; Potassse Ghloras. 

Prep. — (1) By passing a current of CI through a weak 
solution of KO,HO; 6KO+Cl6=KO,C105 + 5KCl. (2) By 
the reaction of KCl and 3(CaO,C10)=KO,C105+3CaCl. 
The chlorate is separated by crystallisation. 

Prop. — In flat, pearly, tabular anhydrous crystals (5th 
system), having but little taste, soluble in 20 parts cold 
and 2 boiling water. Gives up all its at a red heat, 
and deflagrates even more violently than the nitrate. 
Strong acids liberate CIO4, which is yellowish and explo- 
sive. Rubbed with powdered sulphur, explosion ensues ; 
this should be borne in mind in dispensing it. 

Med. Effects. — Passes unchanged into the urine ; has 
been successfully employed internally and locally in various 
throat affections, cancrum oris, ptyalism, aphthae, scarla- 
tina, diphtheria, etc. Dose, gr. x to xxx. Is only decom- 
posed by strong acids. Should give no precipitate with 
AgOjNOg (absence of chloride). 

259. Acetate, KO,C4H30s, Potassse Acetas, Sal diureticus. 
Prep. — By saturating acetic acid with bicarbonate of 

potassa, and evaporating gently to dryness. In all cases 
of union of an acid and alkaline base, the point of satu- 
ration may be determined approximately by the taste and 
accurately by litmus-paper. 

Prop. — A deliquescent white foliated mass, soluble in 
one-half its weight of water and 2 parts of alcohol. It 
should not affect test-paper; if it has been heated too 
highly, will be alkaline from the loss of the volatile acetic 
acid. It should be entirely soluble in water and alcohol; 

this test shows the absence of ordinary impurities. 
17 
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3fed. Effects. — Is a powerful diuretic gr. x to xxx> and 
cathartic 5j to ^iij. Used in dropsy, skin diseases, and 
rheumatism. It renders the urine alkaline. As it is 
easily decomposed, should be given alone in solution in 
water. May be made extemporaneously by saturating 
weak vinegar with sal aeratus or salt of tartar ; gj to ^ij 
of the latter being used for a dose as a cathartic 

Tartrates. _ 

260. Potassm Bitartras, KO,HO,C8HAo, or KO,HO,T.* 
Cream of tartar, acid tartrate of potassa. 

Prep. — Occurs impure as Argots j a reddish or dirty 
white deposit in wine-casks. This is purified by solution 
in boiling water and recrystallisation. 

Prop. — Hard gritty crystals (3d system), soluble in 
184 parts cold and 18 of boiling water, of a slight agree- 
able acid taste. Is entirely decomposed by heat, leaving 
charcoal and pure KOjCO^ Its slight solubility should be 
borne in mind in prescribing. The addition of ^ part by 
weight of borax will render cream of tartar soluble in 16 
parts of boiling water, aiid it will not deposit on cooling. 
When sold in powder, is very apt to be adulterated ; should 
be bought in crystals. 

Chem, and Med. Effects. — Tartaric acid is bibasic ; in 
cream of tartar but one equivalent of the basic water is re- 
placed by a base, it has therefore acid properties. By re- 
placing the second eq. of water with KO, we get neutral 
tartrate. Soluble tartar; with NaO, JRochelle salty with 
FeaOg, Ferri et Potassse TartraSy and with SbOs tartar 
emetic. Cream of tartar is cathartic, diuretic, and re- 
frigerant. Used in dropsy, 3j to ^iij t. d., as a hydragogue 

* Componnds of the acids generally regarded as organic with the inor- 
gnnic bases will be considered with the latter, as more conyenient. The 
organic acids are conyentionally represented by their initial letter with a 
dash oyer it 
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and diuretic. Its solution, made with boiling water and 
allowed to cool, forms a laxative and cooling drink. Is 
incompatible with alkalies, alkaline earths, and their car- 
bonates; sulphides, acetate of lead. 

PotasssB Tartras, 2KO,C8H40,o ; Soluble tartar. 

Prep. — By boiling |xvi Potass, carb. with gxxvi pow- 
dered Potass. Bitart. in Oj Aquse bullient., the cream of 
tartar being gradually added to saturation. The solution 
is evaporated and crystallised, K0,H0,T4- KO,CO,= 
2K0,T_^+C0,t+H0. 

Prop. — White, neutral, slightly deliquescent crystals 
(4th system), soluble in one part cold and one-half of boil- 
ing water ; insoluble in alcohol. Is decomposed by heat 
like the bitartrate. Its taste is saline and bitter. Is pur- 
gative ; dose, 3j to §j ; but little used ; is incompatible 
with the mineral acids and the salts of lime, baryta, and 
lead. 

PotasssB et SodaB Tartras, KO,NaO,C8H40io, Rochelle 

or Seignette salt. Made as the last preparation, using 
gxii Sodas Garbonatis instead of Potass. Garb., KO,HO, 

T+NaO,CO,=KO,NaO,f_^-fCOJ+HO. 

Prop. — Large, transparent, prismatic, slightly efferves- 
cent crystals (3d system) ; soluble in 2i parts of cold 
water ; taste saline and slightly bitter ; is among the least 
offensive of the salines. Should be neutral to test-paper, 
and give no precipitate with BaCl (absence of sulphates), 
or AgOjNOg (absence of chlorides). 

Med. Effects. — Laxative 3j, purgative Jss to g j ; may 
be administered with tartar emetic ; renders the urine 
alkaline when absorbed. IncompatibleSj those of the tar- 
trate. Is largely employed in the form of: — 

Pulveres Uffervescentes Aperientes — Seidlitz powders. 
(1) R Sodse Bicarb, pulv. 3j, Potassm et Sodm Tartrat. 
Siiji rtL et ft. chart. No. xii; wrap in blue paper. (2) R. 
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Acid. Tartaric, pulv. gr. ccccxx, /L chart. No. xii ; wrap 
in white paper. The blue and white papers are dissolved 
separately in water, mixed, and the draught swallowed in 
a state of efifervescence* Much less water is required for 
the white than for the blue packet. For a cheap substi- 
tute, see bisulphate of potassa. 

Remarks. — The blue paper contains jij Rochelle salt 
with gr. xl of Bodsd bicarb.; the white paper, gr. xxxv 
acid, tartaric. When mixed, the free acid unites with the 
soda of the bicarbonate, liberating CO,, and forming tar- 
trate of soda. They should be kept dry. 

261. Citrate, 3KO,Ci2H50,o; Fotassx Gitras. 

Prep. — By dissolving axnd. citric, "^x in Oij aquse de»- 
iillai.y and adding gradually gxiv potassse bicarb. When 
efifervescence has ceased, filter and evaporate to dryness 
with constant stirring. 

Prop, and Med. Effects. — A granular white powder, of 
a saline, slightly bitter taste, deliquescent and very soluble 
in water ; insoluble in alcohol. By heat yields C and KO, 
CO,. As above prepared, is quite pure. Is esteemed re- 
frigerant and diaphoretic ; much used in fevers. 

Liquor Potassse Cilratis. B. Acid. Citric. Jss, Potassse 
Bicarb, gr. cccxxx, Aquas Oss, solve et cola.* A conven- 
ient extemporaneous form. Dose, a tablespoonful. 

Mistura Potassse Citratis, neutral mixture. B. Succ. 
Limonis recentis Oss; Potass. Bicarb, q. s. ad saturitat.; 
cola. This is a more agreeable preparation than the last, 
having the flavour of the fresh lemon-juice, and retaining 
some of the liberated carb<5nic acid. In practice the juice 
of one lemon is allowed to a f |vj mixture, and is not quite 
neutralised. Dose, a tablespoonful. 

* Cola, strain ; in this case throngh mu»luu 
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SODIUM, Na=23. 

Syllabus of PEEPARATioNa 

Hydrate, NaO,HO ; Liquor Sodse. 

Chloride, NaCl ; Sodii Chloridum. 

Nitrate, NaO,N06 ; Cubic nitre. 

Carbonates: (a) Sodas CarbonaSy Sal Soda, NaO,C02 
+ 10HO; (6) Sodx Carbonas Exsiccata, NaO,C02; (c) 
Sodae Bicarbonas, NaO,C02+HO,C02, or NaO,HO,2C02, 
Pulveres Effervescentes. 

Sulphate, NaO,SO3+10HO; Sodx Sulphas, Glauber's 
salt. 

Sulphite, NaO,S02+3HO, Sodm Sulphis; Bisulphite, 
NaO,HO,2S02; Hyposulphite, NaCSaO.+SHO. 

Phosphates; Sodse Phosphas, 2NaO,HO,P05+24HO; 
Sal perlatum. 

Hypochlorite, NaO, CIO + NaCl; Liquor Sodae Chlo- 
rinatas, Labarraque's solution. 

Borate, NaO,2B03 ; Sodae Boras, Borax. 

Silicates. 

Acetate; Sodae Acetas, NaO,C4,H,03+6HO. 

Valerianate, NaO,CioH903; Sodae Valerianas, 

262. Nat. Sources. — Common salt, certain plants and 
minerals ; see Carbonate of Soda. Abundant in animal 
forms. 

Prep. — From carbonate of soda by reduction with C. 

Prop. — Resenibles K, but is less easily oxidised; in 
dry air forms a crust which preserves the metal within; 
does not take fire on water unless the latter be warm or 
the metal prevented from moving about. Is soft, silvery, 
s. g. 0.91; melts at 20Y°, and gives a colourless vapour pt 
a white heat. It burns with a characteristic yellow flame. 
17* 
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Chem, Bel. — With forms soda, NaO, and NaO, ; its 
compounds correspond with those of K in most respects, 
are generally more soluble. Its saltff are colourless and 
all soluble. Its presence is determined by exclusion (114), 
by the yellow colour.communicated to flame, by its salts, 
and by its characteristic yellow line in the spectroscope. 

263. Hydrate, NaO,HO. 

Liquor Sodce, solution of caustic soda, is made in the 
same manner as Liq. Potassae ; the proportions of (crystal- 
lised) carbonate of soda and of lime are gxxvi of the former 
to ^viii of the latter; s. g. of the solution 1*071, and it 
contains 5'1 p. c. of KO,HO. The solid hydrate is largely 
Bold as concentrated lye; is used as a powerful detergent 
and in soap-making. 

264. Chloride, NaCl, Sodii Chloridum, Chloride of So- 
dium, Common Salt, NaCl. 

Prep, — Is obtained from sea-water, salt springs, or salt 
mines (rock-salt) in which it exists native. Sea-water 
(188) or that of salt springs is evaporated, until the 
greater part of the NaCl crystallises out ; the mother 
liquor, holding in solution the more soluble salts, as the 
Chloride of Magnesium, MgCl, the Sulphate of Soda, 
NaO,SOs, etc., is drawn off, constituting bittern. 

Prop, and Med. Effects. — Anhydrous cubes (first sys- 
tem) ; of a well-known, agreeable taste ; when pure, does 
not alter in the air; soluble in about 3 parts water; the 
solubility is not increased by heat. In small doses, is 
tonic and anthelmintic; in large ones, emetic and purga- 
tive; used in haemoptysis. Is the antidote to Nitrate of 
Silver. 

Impurities. — Insoluble matters. Chlorides of Calcium 
and Magnesium, Sulphates of Soda and Lime. 

Incompat. — Strong Sulphuric Acid, NOjSOg, Nitrate of 
Silver, AgOjNOg, Nitrate of Mercury, HgOjNOg, soluble 
lead salts. 
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265. Carbonates. 

Sodos Carftowas, NaO,CO2+10HO, Sal Soda, Washing 
Soda. 

Sources. — (1) Native carbonate natron is found in Hun- 
gary, Egypt, South America, and California. It is irregu- 
lar in composition. (2) Barilla, the ashes of the salsola 
soda and other plants growing near the sea. (3) Kelp, 
the ashes of searweed. (4) Artificially from common 
salt, NaCl, or cryolite, SNaF+AlgFs. 

Prep. — (1) From common salt (Le Blanc's process). 
The salt is first converted into sulphate (salt-cake), NaCl + 
HO,S08=NaO,S03+HCl. This is mixed with powdered 
limestone and coal made into balls and heated in a rever- 
beratory furnace. The black mass resulting is lixiviated 
with hot water, the solution evaporated to dryness and 
again calcined with sawdust. The mass is again lixivi- 
ated and crystallised. 

The reaction is complex and variable. It is essentially NaO, 
80,4-04 + CaO,COr:=NaO,COa+CaS-f4CO. An excess of lime 
is used, and there is formed in addition some oxy-sulphide of 
calcium, OaO,30aS. 

(2) From cryolite, SNaF+AlgFa. This mineral is 
found abundantly in Greenland. It is mixed thoroughly 
with powdered chalk and calcined, 3NaF+AlsiF3+6(CaO, 
C03) = 6CaF-f3NaO+Al203+6C02. The soda remain- 
ing in solution is converted into carbonate by a stream of 
CO2, the liquid is drawn off and crystallised. 

Prop. — In colourless, efflorescent, oblique rhombic 
prisms (4th system) ; of an alkaline reaction and harsh, 
disagreeable taste ; soluble in half its weight of cold water 
^^^ ^is^ ^t 9Y° ; its solubility decreases above this point; 
is insoluble in alcohol. When heated, the crystals melt 
in their water of crystallisation; this is driven off, and 
finally the salt melts. The crystals contain about 60 p. c. 
of water. 
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Med. Effects. — In large doses, an irritant poison; anti- 
dotes : weak acids and oily matters. In medicinal doses, 
gr. X to XX, those of Potass, carb. Is used externally as a 
detergent in skin diseases. Is incompatible with acids, 
acidulous salts, those of the metals generally, lime water, 
CaO,HO, and muriate of ammonia, NH4CI. 

Sodae Carbonas Exsiccata is made by heating Sodse 
carb., stirring constantly until dried. It is used for 
making into pills and as a blowpipe reagent. Dose, gr. v 

to XV. 

Sodae BicarbonaSj NaO,HO,2C02, Supercarbonate of 
soda, Soda sal aeratus. 

Prep. — Bypassing COj over Sodx Carbonas conven- 
iently placed on perforated wooden shelves. The water of 
crystallisation runs off, and the crystals become opaque 
and powdery. 

Prop, and Med. Effects. — A white powder of an alka- 
line taste and reaction; soluble in 13 parts cold water; is 
converted by boiling water into sesquicarbonate, 2NaO, 
3CO2. It is used in the same cases as the Potass. Bicarb, 
in the preparation of Seidlitz powder (260), and of the 
Pulveres effervescentes, soda powders. These form a 
convenient, extemporaneous substitute for soda water, 
Aqua acidi carbonici (208). The blue papers contain gvj 
of Sodse Bicarb, in fine powder, and the white, 3v of 
Acid. Tartaric, each divided into 12 packets. These are 
dissolved separately in water, mixed and swallowed in a 
state of effervescence. One or two constitute a dose. 
Tartrate of soda is formed. 

266. Sulphate, NaO,SO3+10lIO; Sodas Sulphas, Glau- 
ber's salt, Sal mirabile, Salt cake. 

Prep. — By the action of sulphuric acid upon common 
salt (265). Is a residue in the manufacture of HCl, and 
other chemical processes. 
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Prep. — Long colourless, efflorescent, hexagonal prisms, 
(6th system), of a saline, bitter taste. Soluble in 5 parts 
cold water and 2 at 91°, which is its temperature of maxi- 
mum solubility. The crystals contain 75 p. c. water in 
which they readily melt by heat and lose entirely in dry 
air at common temperatures. Is purgative, but is rarely 
used internally. Is applied to corneal ulcers. 

26 Y. Sulphite, Sodae Sulphis, NaO,S02 + 3HO. 

Prep. — By passing a current of SO2 through a solution 
of NaO,C02 until all the OO2 is given off, evaporating the 
solution and crystallising. 

Prop. — White prismatic crystals (3d system) having a 
slightly alkaline reaction; soluble in 4 parts of cold and 
their weight of boiling water. The solution has a char- 
acteristic odour. The salt on exposure to the air gradually 
absorbs 0, becoming sulphate; on the addition of acids, SO2 
is evolved. By passing SO2 through the solution of NaO, 
CO2 to saturation^ a bisulphite, NaO,HO,2S02, is formed, 
which has an acid reaction and the smell and taste of SO2, 
which it evolves on exposure to the air. 

Med. Effects. — Those generally of SOj. Is used exter- 
nally in parisitic skin diseases, and internally in zymotic 
affections. Dose, 3j t. d. The hyphosulphite, NaO,S202+ 
5H0, is officinal in the British Pharmacopoeia. It is in large, 
colourless, prismatic crystals (3d system), soluble in rather 
more than half its weight of water at 60°, and insoluble 
in alcohol. It is used in the arts as a solvent of silver 
compounds. It is given in the same cases as the sulphite, 
and in intermittent fever. Dose, gr x to xx t. d. 

268. Phospliates. 

Bern. — The peculiarities of POg in combining with one, 
two, or three eq. of water or a base, and the numerous safts 
thus formed, have already been discussed (220). Of the 
phosphates of soda there named but one is officinal : — 
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Sodse Fhosphas, 2NaO,HO,P05+24HO, Sal perlatum, 
tasteless purging salt, rhombic phosphate of soda. 

Frep. — By saturating the excess of POg in superphos- 
phate of lime (obtained by treating calcined bones with 
H0,S08) with NaO,C02; 2NaO,HO,POs is formed and 
crystallised out. 

Prep, and Med. Effects. — Large, colourless, efflorescent, 
oblique rhombic (4th system) crystals ; they have a taste 
resembling NaCl, are soluble in 4 parts cold and 2 of 
boiling water ; insoluble in alcohol. When gently heated, 
the salt loses its water of crystallisation, and at a red heat 
its basic water, becoming pyrophosphate, 2NaO,P05. The 
tribasic salt gives a yellow^ the bibasic a white, and the 
monobasiCj metaphosphate NaOjPOg, also a white precipi- 
tate with AgO,N05. Is purgative. Dose, gj to |jj. Prom 
the similarity of its taste to common salt may be given in 
broth or soup. 

269. Hypochlorite, NaO,C10+NaCl; Liquor Sodsa Chlo- 
rinatae; Labarraque's solution. 

Frep. — Dissolve §xxiv Sodae Garb, in Oiij Aquae; to 
this add §xii Calcis Chlorinatae (291) mixed smoothly 
with water ; then add enough water to make Oxii. Shake 
well and set aside for 24 hours ; decant the clear liquid 
and drain the precipitate on a muslin strainer, adding 
water if necessary, until the whole amount of liquid is 
Oxiss. Keep in a well-stoppered bottle excluded from the 
light. CaO,C10+CaCl f 2(NaO,CO,)=NaO;C10TNSCU 
+ 2(CaO,C02). In the proportions of the U. S. P. given 

above, there is an excess of NaO,C02, which renders the 
solution more permanent. 

Frep. and Med. Effects. — A transparent solution having 
slightly the colour and smell of CI, which it evolves with a 
little CO2, on the addition of HCl; it bleaches and deodour- 
ises. Is one of the most elegant, permanent, and manage- 
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able of the chlorine solutions. Used in scarlatina and 
other anginose aflfections. Dose, gtt x to xxx; externally, 
is largely used in gargles and lotions to ulcerated and 
offensive parts, also in chronic skin diseases and as a gen- 
eral deodouriser. 

270. Borate, NaO,2BO3+10HO, Sodx Boras, Borax. 

Prep. — Occurs native and is made by the addition of 
native boracic acid, BO3, to soda. 

Prop. — A white, crystalline salt (3d system), soluble 
in 12 parts cold and 2 of boiling water; taste, sweetish 
alkaline; reaction, alkaline; exposed to the air, effloresces; 
contains ordinarily 10 eqs. water of crystallisation, in 
which it fuses at a moderate heat ; at a higher heat, loses 
its water of crystallisation and fuses, forming, when cool, 
glass of Borax \ glass of borax dissolves most metallic 
oxides, which colour it ; hence its use in blowpipe analysis. 
Is a biborate of soda. 

Med. Effects. — Refrigerant and diuretic; has the pro- 
perty of rendering cream of tartar freely soluble in water. 
Dose, gr x to xxx. Generally used, rubbed up with sugar 
and honey, as a mild astringent in aphthous sore mouth 
of children. {Mel Sodoe horatis, U. S. P.) 

The silicates of soda will be considered under Glass. 

2U. Acetate, NaO,C4H303-i-6HO; SodseAcetas. Prep. — 
By saturating Sodce bicarb, with Acid, acetic. Prop. — 
Long, white, efflorescent, striated prisms (4th system), solu- 
ble in 3 parts of cold water and 40 of alcohol. When heated, 
the salt melts in its water of crystallisation and is finally 
decomposed into C and NaO,C02. It resembles acetate of 
potassa in medical properties ; dose, gr xx to gr cxx. 

272. Valerianate, NaOjCoHgOg; Sodae Valerianas. — 
Prep. — Is made by saturating Valerianic acid, HO,C,o 
H9O3, obtained by the action of bichromate of potassa, 
KO,2Cr03, on Fusel oil, C,oH„0,HO(414). Is not admin- 
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istered in medicine, but is used for the preparation of 
the valerianates of zinc, morphia, and quinia. 

273. Lithium, Li=7. — Is a rare metal found in combina- 
tion in Spodumene, Petal ite, and in certain mineral waters. 
Is obtained by the electrolysis of its fused chloride. Is 
the lightest solid body known, s. g. 0*594. Its carbonate, 
officinal as Lithiae Garbonas, is a white powder soluble in 
100 parts of cold water and communicating a red tinge to 
flame. It is antacid, used in lithic diathesis, gout, etc. ; 
may be given in solution in Aquae Acid. Carbonic, It is 
distinguished from stroritia by the solubility of its salts 
in H0,S03. 

AMMONIUM, NH4= 1 8. (Hypothetical.) 

Syllabus. 

Oxide, NH4O, Ammoyiia ; (a) Aqua Ammonise forHor; 
(b) Aqua Ammoniae ; (c) Linimentum Ammonias; (d) 
Spiritus Ammoniae; (e) Spiritus Ammoniae aromaticus 
(contains carbonate also). 

Chloride, NH4CI, Ammoniae Murias, Sal Ammoniac. 

Carbonates, Ammoniae Oarftonas, 2NH40,3C02; Bicar- 
bonate. 

Nitrate, NH40,N05. 

Sulphate, NH40,S03, Ammoniae Sulphas. 

Sulphur Salt, NH4S,HS, Sulphydrate of Ammonia. 

Acetate, NH40,C4H303, Liquor Ammoniae Acetatis, 
Spirit of Mindererus. 

Valerianate, NH40,CioH903, Ammoniae Valerianas. 

274. Remarks. — N and H combine in the nascent state, 
especially when the latter is in excess, to form a gaseous 
body, Ammonia, which when dry yields, on analysis, NH3. 
This body combines with hydrated acids to form well- 
marked saline compounds, which however always contain 
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an equivalent of water. Thus NH34-H0,S03=lSrH3H0, 
SO3. It is assumed from analogy with other bases that 
this water is essential, and that ammonia as a base has 
the formula NH40=NH3,H0; the sulphate would then 
be, NH40,S03, analogous to that of KO or NaO. NH4 
has never been isolated. Chemists also suppose the ex- 
istence of NH imidogerij and NH2 amidogen, hypothetical 
bodies. The fact of the formation of an amalgam in 
which NH4 may be supposed to exist lends support to 
the above view which is adopted as convenient and prob- 
ably correct. 

Ammonium Amalgam. — (1) When mercury is connected 
with the negative (zinc) pole of a voltaic battery in a 
solution of ammonia, it swells, becomes pasty, and assumes 
the characters of an amalgam. O is given off at the -f 
pole, but there is no corresponding evolution of H at the 
— pole until the current is interrupted ; the amalgam then 
speedily decomposes, yielding mercury, ammonia, and H 
(2) When an amalgam of sodium and mercury is thrown 
into a saturated solution of sal ammoniac, NH4CI, it in- 
creases to several hundred times its original bulk and has 
the characters and undergoes the changes mentioned above 
The following reaction is supposed to take place : NaHg+ 
NH4Cl=NH4Hg + NaCl. This hypothetical metal NH4, 
ammonium, resembles in its chemical relations KO and 
NaO. Its salts are all volatile or decomposed by heat ; 
they may be recognised by the evolution of gQ,seous am- 
monia, NH4O, upon the addition of lime or caustic alkali. 

2t5. Ammonia, NH4O. 

Sources. — Is formed during the destructive distillation 

of organic matters containing or in the presence of N ; 

also during putrefaction, the decomposition of the cyanides, 

the rusting of iron, and the action of dilute HOjNOg upon 

certain metals. Is prepared upon the large scale from the 
18 
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liquor obtained from the hydraulic main, washers, and con- 
densers of gas-works. This is neutralised. with H0,S03, 
which fixes the ammonia, and on evaporation NH40,S03 
is crystallised out. From tKis the other compounds may 
be obtained. By using HCl, NH4CI is obtained directly. 

Prep. — On the large scale by heating the crude sulphate 
with milk of lime, NH40,S03+CaO,HO = NH40,HO+ 
CaO,S03. The gas is absorbed by water kept cold. It 
may be prepared on the small scale by heating its solu- 
tion Aqua Ammoniae. It must be collected over m^ercury 
or by displacement, in the latter case the delivery tube 
passing to the top of the receiver. 

Prop. — A colourless, irrespirable gas, s.g. 69T; liquid 
at — 40°, or by a pressure of 6 atmospheres at 40° ; solid 
at — 103°. It will burn in air if a light be held in a jet 
of the gas, and in CI. Has a powerful alkaline reaction, 
hence termed volalile alkali. Water at 32° absorbs 1000 
vols. (Bunsen); at 50°, 670 vols., increasing in bulk about 
two-thirds. It is also soluble in alcohol. The strongest 
solution in water has a s. g. 0875, and contains 32 5 p. c. 
of liquid ammonia. This boils at 130^, giving up the gas, 
and gelatinises at — 40°. 

276. Officinal Poms. 

(a) Aqua Ammonise Fortior, s. g. '900, contains 26 p. c. 
of the gas ; it gradually becomes weaker from the escape 
of the gas, and should be kept in a cool place in well-stop- 
pered bottles. Is too strong for medical use. Vesicates 
rapidly when held in contact with the skin; is an irritant 
poison ; antidotes^ weak acids and oils. When its vapour 
is inhaled it produces much irritation, which may be re- 
lieved by the steam of vinegar. Its incompatibles are 
those generally of potassa and soda. 

(6) Aqu^ Ammaniae, Prep. — By heating a mixture of 
sal ammoniac and lime in excess ; the gas is absorbed by 
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distilled water, NH4Cl+CaO=NH,6+CaCl_>. In the 
officinal process the lime is slaked and made into a paste 
with water, which is further diluted before the addition of 
the NH4CI ; the process on the moderate scale is thus much 
facilitated. It contains about 10 p. c. of ammonia. 

Prop, — A colourless liquid, s. g. 0*959, having the smell 
and properties of ammonia. When neutralised with acetic 
acid, should not precipitate with carbonate of ammonia, 
2NH40,3C02 (absence of lime, etc.), nitrate of silver, AgO, 
NOs (absence of chlorides), or chloride of barium, BaCl 
(absence of sulphates). 

Med. Effects. — In large doses an irritant poison. In 
medicinal doses, gtt x to xxx, stimulant and antacid. Is 
administered and applied externally in snake-bites and 
stings of insects. Its vapour is inhaled in syncope and 
suspended animation. Is applied externally in burns and 
scalds, and as a rubefacient and vesicant. 

(c) Limine ntuni Ammonise^ volatile liniment, is made 
by mixing fgj Aquse Ammonise with gij Olei Olivae. 

(d) Spiritus Ammonise. Prep. — By passing ammonia 
into alcohol ; the strength is that of aqua ammonise. Is 
rarely used internally ; it may be added to alcoholic lini- 
ments without decomposing them. 

Spiritus Ammonise Aromaticus. Prep. — By dissolving 
3j Ammonise Carbonatis in f^iij Aquse Ammonise pre- 
viously mixed with fgiv Aquse; to this is added a solution 
in -4Zco/io^ Oiss, of 01. Limonis f^iiss, 01. myristicse T^xl, 
01. Lavandulse t»Ixv, and Aquse q. s. ad Oij. 

Prop. — An agreeable stimulant, aromatic antacid ; 
dose, gtt xxx to f3j, diluted. Incompatible with acids, 
acidulous and metallic salts. It probably contains neutral 
carbonate of ammonia, NH40,C02. 

21 T. Chloride, NH4CI ; Ammonise Murias, Sal ammo- 
niac. 
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Prep. — By subliming a mixture of common salt, NaCl, 
ftnd sulphate of ammonia, NaCl+NH,0,SOs=:NaO,S03_^ 
+NH4C1^. It may also be made by direct combination 
of gaseous HCl and NH4O, and by the action of HCl on 
the carbonate or on gas liquor. 

Prop. — White, inodourous, translucent, fibrous salt; 
taste pungent, saline. Soluble in three parts cold and one 
of boiling water; less so in ordinary alcohol. Sublimes 
unchanged at a red heat ; very difficult to powder, unless 
in a hot iron mortar with a hot pestle. It may be granu- 
lated by evaporating its solution, and constantly stirring 
as the mass thickens. Reaction slightly acid. 

Med. Effects. — Alterative; useful in hoarseness and 
sore throat, and is in these cases usefully combined with 
chlorate of potassa. Is given also in croup, bronchitis, 
neuralgia, intermittents, rheumatism, and enlarged pro^ 
tate. Is applied externally to bruises. Dose, gr v to xxx. 

2T8. Carbonates; Ammonise Carbonas, Carbonate of Am- 
monia, 2NH,0,3C02. 

Prep. — Is made by subliming a mixture of NH4CI and 
chalk, 3NH,Cl4-3(CaO,C02) = 2NH40,3COt, -f 3Ca01 + 
NH4O. 

Prop. — White, moderately hard, translucent masses; 
soluble in four parts cold water, and in diluted alcohol ; it 
is decomposed by boiling water. Smell pungent, ammo- 
niacal ; taste sharp, alkaline. Exposed to the air, it dis- 
engages neutral carbonate of ammonia (NH40,C02), and 
becomes Bicarbonate (2NH40,3C02— NH40,C02=NH40, 
2CO2). The bicarbonate is inodourous and fixed; its crys- 
tals resemble those of bicarbonate of potassa. A neutral 
carbonate, NH40,C02, is known; it probably exists in 
Spiritus Ammoniae Aromat. 

Med. Effects. — A mild preparation, possessing the thera- 
peutical properties of ammonia. Dose, gr v. 
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IncompcUibles. — Those of the soluble carbonates and of 
ammonia. 

279. The Nitrate of Ammonia is made by saturating 
H0,N06 with Carbonate of Ammonia ; its crystals are 
isomorphous with those of KOjNOg, which they much 
resemble in taste and appearance. Is used as a source of 
nitrous oxide (204). 

280. Sulphate, NH40,S03 ; Ammonise Sulphas. Is ob- 
tained on the large scale from gas liquor ; is not used in 
medicine, but largely employed in the manufacture of the 
preparations of Ammonia and in Ammonia Alum (302). 

281. Sulphur Salt, NH4S,HS, Sulphydrate of ammonia, 
hydrosulphuret of ammonia, bisulphide of ammonium, is 
made by passing a current of well- washed HS through 
Aqua Ammoniae fortior, to saturation. The solution, 
nearly colourless at first, becomes yellow by keeping, and 
deposits sulphur. It exists in gas liquor, sewers, privies, 
etc. It has a foetid odour. Is of the highest importance 
as a test, but is seldom used in medicine. It is properly 
termed sulphydrate of sulphide of ammonium ; the sul- 
phide of ammonium, NH4S, a sulphur base being united to 
HS, a sulphur acid. 

282. Phosphate. — None of the phosphates of ammonia are 
important ; the tribasic phosphate of soda and ammonia, 
NaO,NH40,HO,P05, is used as a test for magnesia and in 
blowpipe analysis. Was formerly employed in medicine. 
It is known as Microcosmic Salt, or Salt of phosphorus. 

283. Acetate, NH40,C4H303, lAquor Ammonice Acetatis, 
Spirit of Mindererus. 

Prep. — By saturating Acid. Acetic, dilut. (4:12)] by 
Carbonate of Ammonia. 

Prop. — Is a colourless inodorous liquid of a saline taste, 
and prone to change. 

Med. Effects. — Is diaphoretic and diuretic; used in fevers, 
18* 
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and externally as a cooling lotion ; also as an antidote to 
alcohol. Dose, fjss to f^iss. Is incompatible with the 
alkalies and alkaline earths, and the soluble salts of iron, 
copper, zinc, mercury, and silver. 

284. Valerianate, NH40,C,oH903, Ammonise Valerianae, 

Prep. — By saturating valerianic acid (414), HO,C,o 
HgOg, by gaseous ammonia. 

Prop. — Snow-white, pearly, flat, four-sided crystals (2d 
system), volatilised, nearly unchanged by heat. Very 
soluble in water and alcohol. 

Prop. — Is not poisonous; a powerful antispasmodic; 
used in hysteria, neuralgia, etc. May be given in pill or 
alcoholic solution; the watery solution rapidly decomposes. 
Dose, gr ij to viij. An elixir made by adding to the 
watery solution, cologne water, aromatics, and syrup, is 
much used. 

CALCIUM, Ca=20. 
Syllabus. 

Oxide, CaO: (a) Calx] Hydrate, CaO,HO. (b) Liquor 
Calcis. (c) Linimentum Galcis. (d) Potassa cum Calce 

Chloride, CaCl: (a) Calcii Ghloridum; {h) Liquor Gal- 
cii Ghloridi. 

Sulphides, CaS, CaSj, CaSs. 

Fluoride, CaF, Fluor Spar. 

Carbonates, CaO,C02; (a) Galcis Garhonas Praecipi- 
tata; (6) Greta Pr separata; (c) Testa Pr separata. 

Sulphate, CaO,S03-f 2H0, Gypsum, Selenite, Alabas- 
ter. 

Phosphate, SCaOjPOj, Galcis Phosphas Prsecipitata. 

Hypophosphite, CaO,2HO,PO. 

Hypochlorite, CaO,C10-f CaCl+2HO,C7aZa7 chlorinata, 
Bleaching Salt, Chloride of lime. 
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285. Sources. — Abundantly, in combination, in nature 
as carbonate in marble, MarmoVj Chalk, Gretas Oyster- 
shell, Tenia, etc. ; as sulphate in Gypsum, as phosphate 
in bones, as silicate in many minerals, as chloride in cer- 
tain mineral springs and sea-water, and as fluoride in 
fluor-spar. 

Prep. — By electrolysis of its fused chloride. 

Prop. — Resembles lead, but harder; has a yellowish 
colour ; does iiot oxidise in dry air ; fusible, but not vola- 
tile, at a red heat. Readily burns in the air with a bril- 
liant light forming CaO. It also forms a binoxide, Ca02, 
which is not a base ; three sulphides, CaS, CaSjj, and CaSg, 
and compounds with the halogens. The Phosphide, made 
by passing the vapour of P over red-hot lime, is brownish, 
and when thrown into water gives spontaneously inflam- 
mable phosphuretted hydrogen; it quietly crumbles to 
powder in moist air. 

286. Oxide, CaO, (a) Calx, Lime. 

Prep. — By heating the carbonate in a current of air; if 
heated in a close vessel, is fused and but slightly decom- 
posed. 

Prop. — A grayish-white solid; taste caustic, alkaline. 
S. g. 2*3 ; is very refractory. Absorbs on exposure to 
the air, water and CO2, and falls to powder (air-slaked 
lime); combines with water, to form a hydrate (slaked 
lime). When mixed in excess with water, forms milk of 
lime (whitewash). Is sparingly soluble in water, and more 
so in cold than in hot water. Reaction, alkaline, is caustic ; 
a strong base. Mortar is a mixture of sand or gravel with 
lime ; the theory of its hardening is not well understood. 
Hydraulic mortars, which have the property of harden- 
ing under water, contain silicate of alumina (clay). Lime 
is much used in agriculture. It acts by neutralising acids, 
by decomposing organic matter, by liberating potassa from 
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its combination with silica in clays and other rocks, and 
by furnishing the supply of lime compounds found in the 
plant. 

Incompattbles, — Acids, acidulous salts, soluble sulphates, 
tartrates, carbonates; the metallic salts generally; the 
vegetable astringents. Is the antidote to Oxalic Acid. 

Test. — Oxalic acid gives a white precipitate in neutral 
or alkaline solutions ; sulphuric acid only in concentrated 
solutions. 

(b) Liquor Calais; Lime Water. 

B. Calcis 3iv; Aq. DestilL Oviii. Slake the lime with 
a little of the water, then pour on the rest. Keep in well- 
stopped bottles over the insoluble excess of lime. Ordinary 
soft water will answer. 

Rem. — Water at 60° dissolves about Ty^g ^^ J™® ; one 
pint contains, at 60°, about 9^ grs. ; when heated, a por- 
tion of the lime precipitates ; the solution absorbs car- 
bonic acid readily, and an insoluble carbonate precipi- 
tates. 

Med. Effects. — Antacid, and the compounds formed by 
its union with the gastric acids, are astringent. Used in 
diarrhoea, vomiting, dyspepsia, etc. ; externally as an astrin- 
gent lotion. Dose, f^ss to f^iv. 

(c) Linimentum Calcis. B. Liq. Calcis f^viii, Olei 
Lini gvij. M. Used in burns and scalds. 

{d) Potassa cum Calce^ Vienna Paste. 

Prep. — Is made by rubbing together equ%l parts of 
lime and caustic potassa ; is deliquescent, but less so than 
the latter ; is employed in the same cases, and is a milder 
application. 

28T. Chlorides, Caldi Chloridum, Chloride of Calcium, 
CaCl. 

Prep. — Is made by dissolving carbonate of lime in 
hydrochloric acid. CaO,C02-f HOl=CaCl+H0 and C02^ 
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Prop. — When • anhydrous is a whitish, hard, translu- 
cent substance, having a great attraction for moisture ; is 
used largely as a desiccating agent, and when crystallised 
in frigorific mixtures; taste acrid, bitter; reaction slightly 
alkaline; soluble in about j^^ its weight of water, at 60° ; 
also in 10 parts anhydrous alcohol. The crystals contain 
6 equivalents of water of crystallisation. 

Incompat. — Those of the salts of lime, and of the 
soluble chlorides. 

Med. Effects. — Tonic and alterative; used in solution 

Liquor Galcii Ghloridij Solution of Chloride of Cal- 
cium, is made by dissolving chloride of calcium in its 
weight and a half of water, and filtering. DosBj gtt xxx 
to 3j; in overdose, may produce symptoms of irritant 
poisoning; antidotes, the carbonates or sulphates. 

Carbonates. 

(a) Calcis Garbonas Praecipitata. R. Liq. Galcii 
Ghlorid. Ovss; SodsR Garb, glxxii (tbvi); Aq. Destill. q. s. 
Dissolve the Sodae Garb, in Ovi Aquae; heat this solution, 
and that of Galcii Ghlorid., to the boiling-point, and mix 
them ; allow the carbonate to subside, wash it well, and dry 
onbibulouspaper. (CaCl-fNaO,C02=CaO,C02+N"aCl->.) 

Prop. — An insoluble white powder, smooth, and en- 
tirely dissolved with copious effervescence in Muriatic 
acid. May be adulterated with CaO,S03, which is de- 
tected by thus treating it. 

(6) Greta Praeparata. 

Prep. — Is made by the levigation and elutriation (191) 
of ordinary chalk, by which the grosser and gritty par- 
ticles are gotten rid of. 

Prop. — Found in conical masses, smooth, and entirely 
free from grit. 

Med, Effects. — Internally, antacid and astringent; ex- 
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ternally, a desiccating and soothing application. Dose, gr 

X to XXX. 

(c) Testa Freeparata, 

Prep. — Is made by treating well-washed oyster-shells 
in the same manner as chalk; does not differ from Creta 
Fraeparataj except in containing a little animal matter. 

288. Sulphate, CaO,S03+2HO. 

Is found native, crystallised in right rhomboidal prisms 
(4th system) as selenite, which has the power of doubly re- 
fracting light ; fibrous as gypsum and massive as alabaster. 
When heated it loses 20 p. c. of water, (calcined plaster, 
plaster of Paris) with which it will again unite, forming 
a plastic mass which soon solidifies; hence is used for 
making casts. At a red heat becomes anhydrous and will 
not again combine with water ; it forms the greater part 
of the incrustations (scale) of steam-boilers. Is soluble 
in 500 parts of cold water ; the addition of the chlorides 
of ammonium or tin increases its solubility. Is so soft 
as to be scratched with the nail ; s. g. 292 ; gives to water 
permanent hardness (188). Is used in agriculture ; being 
decomposed by the carbonates of the alkalies, it fixes the 
ammonia which arises as carbonate from manures and 
forms carbonate of lime, CaO,S03+NH40,C02=CaO, 
C02+NH40,S03. It is not employed in medicine. 

289. Phosphate, 3CaO,P05. 

Calcis Phosphas Fraecipitata. — Frep. — Dissolving cal- 
cined bone in HCl, diluted with its bulk of water, and 
filtering, precipitating the solution with Liq. Ammoniae and 
washing the precipitate thoroughly with' boiling water. 

Frop. — A white powder without taste or smell, insolu- 
ble in water, but dissolved in H0,N06, HC1,H0,P05, and 
HO,C4H303 (acetic acid), from which it may be precipi- 
tated unchanged by caustic alkalies. 

Med. Effects. — Used in scrofula, phthisis, rachitis, and 
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other diseases supposed to be dependent upon a deficiency 
of phosphates or of phosphorus in the system ; dose, gr 
X to XXX ; is probably rendered soluble by the gastric acids, 
or may be dissolved by the addition of the acids above 
named. Is the basis of the so-called chemical food. 

290. Hypophosphite, CaO,2HO,PO. Is prepared by 
boiling milk of lime and P together ; inflammable phos- 
phuretted hydrogen is evolved ; the clear liquid is decanted, 
filtered, and crystallised. 3(CaO,HO)-|-P4+6HO=3(CaO, 
2HO,PO,)+PH3 (approximately). Is a pearly, white salt, 
soluble in 6 parts cold water. Has been employed in 
phthisis, scrofula, impotence, and other affections in which 
phosphorus is supposed to be indicated. DosCj gr v to x 
t. d. in water with syrup. Is not oflScinal. 

291. Hypochlorite, Calx Ghlorinata, Bleaching Pow- 
der, Chloride of Lime, CaO,C104-CaCl+2HO. 

Prep. — Made by the action of CI on CaO,HO; (2CaO, 

HO) +Cl2=CaO,C10 4- CaCl+2H0"; should contain at 
least 25 per cent, of chlorine. 

Prop. — Grayish-white powder ; taste hot, acrid, bitter, 
and astringent ; smell characteristic ; bleaches powerfully; 
speedily loses its chlorine when kept ; is decomposed on 
exposure to the air, absorbing CO^, which liberates CI ; 
the same effect is produced by acids generally ; soluble in 
10 parts water ; when heated it gives off 0. 

Med. Effects. — Not much used internally, the Liq. Sodas 
chlorinatae being preferred ; used largely as a deodouriser, 
and as a stimulant wash. It acts chiefly by the liberation 
of its chlorine. 
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MAGNESIUM, Mg=12. 

Syllabus. 

Oxide, MgO, Magnesia. 

Carbonate, Magnesise CarbonaSj 4(MgO,C02),+MgO, 
110+ 6H0 (variable). 

Sulphate, MgO,S03+6HO, Magnesias Sulphas, Epsom 
salt. 

Citrate, SMgOjCiaHgOi,, Liquor Magnesiae Citratis. 

Sources. — In sea-water as MgCl and MgO.SOg ; in Dolo- 
mite, MgO,C02+CaO,C02, Magnesite, MgO,CO,; in the 
native silicates as serpentine, hornblende, asbestus, steatite, 
(talc, soapstone,) etc. 

Prep. — By the reaction of sodium and MgCl at a high 
temperature. 

Prop. — A silvery, white, ductile, malleable metal, s. g. 
I'H, fusible and volatile at a red heat, does not readily 
oxidise in dry air nor decompose water ; burns with a 
brilliant bluish-white flame forming MgO, its only oxide. 
It resembles zinc, with which its salts are isomorphous. 
The light of burning Mg wire has been employed for 
taking photographs, and in some cases to aid in speculum 
examinations. 

292. Magnesia, MgO, Calcined Magnesia. 

Prep. — Made by heating Carbonate of Magnesia to a 
full red heat, in an open crucible ; the carbonate loses its 
carbonic acid and water, and anhydrous magnesia remains ; 
may be precipitated as hydrate by the action of caustic 
alkali on its sulphate. 

Prop, — An insoluble, light, white bulky powder, nearly 
insipid, fused only by the compound blowpipe ; it should 
not efifervesce with acids (absence of CO2), nor precipitate 
with BaCl (absence of sulphates). It forms a hydrate 
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with water without perceptible elevation of temperature. 
Its reaction is feebly alkaline ; it slowly attracts moisture 
and GO2 from the air. Dense Magnesia (Henry's, Ij[us- 
band's, etc.) is from ^ to | the bulk of ordinary magnesia, 
and is less rough to the taste ; it may be produced, 1. By 
trituration ; 2. By using a high heat during calcination ; 
3. By packing the carbonate closely in the crucible before 
heating ; 4. By heating just below redness the carbonate 
prepared by mixing hot concentrated solutions of sulphate 
of magnesia and carbonate of soda (Barr) ; 5. By heating 
chloride of magnesium. The fourth method is the best. 

Tests. — Is precipitated from its salts as hydrate by the 
caustic alkalies, and as carbonate by their carbonates, but 
not by carbonate of ammonia, or the bicarbonates ; a white 
crystalline precipitate is formed with the soluble phos- 
phates on the addition of a little ammonia (ammonio-mag- 
nesian phosphate) (282). 

Med. Effects. — Antacid; the salts formed «.re laxative; 
from its low equivalent has a high neutralising power. 
The freshly prepared hydrate is an antidote to arsenious 
acid. 

Incompatible s — All acids and acidulous salts; neutral 
salts of the heavy metals. 

293. Carbonate, Magnesias Cai^honaSj Magnesia Alba. 

Prep. — On the large scale by double decomposition of 
sulphate of magnesia and carbonate of soda, carbonate of 
magnesia and sulphate of soda resulting, MgO,S03+NaO 
CO<»=MgO,CO, + NaO,S03^. Its composition is not con- 
stant, being a mixture of carbonate and hydrate of mag- 
nesia, 4(MgO.C02) + MgO,HO + 6HO. The native carbon- 
ate, MgOjCOj, magnesite, and the double carbonate of lime 
and magnesia, MgO,C024-CaO,C02, dolomite^ are not em- 
ployed directly in medicine. 

Prop. — A white, insoluble, smooth, nearly insipid, in- 
19 
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odorous solid; generally found in small cubes; it is solu- 
ble to a certain extent in Aqua Acidi carhoniciy fornaing 
the so-called fiuid magnesia. It is decomposed by heat. 
Impurities. May contain carbonate or sulphate of soda; 
chloride of sodium, lime, alumina, iron; which may be 
detected by their respective tests. 

Med. Effects. — Those of magnesia. The carbonic acid 
is liberated in the stomach. 

Incompatible 8. — Those of MgO and of the carbonates. 

294. Sulphate, Magnesias Sulphas, MgO,S03+7HO, Ep- 
som Salt. 

Frep. — Occurs native in certain caverns in the United 
States, and as an efflorescence in the soil; also in certain 
springs, and in sea-water (bittern), from which it is pre- 
pared by evaporation and careful crystallisation. Made 
also from dolom,ite, magnesite, and from the native sili- 
cious hydrates. 

Prop. — Transparent, inodorous, bitter, nauseous, neu- 
tral, oblique rhombic prisms (4th system, sometimes in the 
3d); soluble in an equal weight of water at 60° ; they melt 
in their own water of crystallisation, which they lose at a 
high heat, and then fuse into an enamel. 

Impurities. — Iron and chloride of magnesium. 

Med. Effects. — Mild cathartic. Dose, gss to Ji. In- 
compatibles. Those of the soluble sulphates; the alkalies 
and their carbonates. 

295. Citrate, 3MgO,Ci2H50ii, Liquor Magnesias Gitratis. 
Prep. — Dissolve gr. cccl (Svij, gr. xxx) acidi dtrici 

in fgiv Aquae, and add Magnesias gr. cxx (3ij), and stir 
until dissolved. Filter the solution into a strong fgxii 
bottle, and add Syrupi Acid, citric f^ij; then add Potassas 
bicarb, gr. xl, and Aquas q. s. The bottle must be imme- 
diately corked, and the cork secured by twine. This is a 
solution of citrate of magnesia with excess of citric acid. 
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which renders it more permanent. The Potass, bicarb, re- 
acts with a portion of this excess to develop CO2, which 
charges the liquid and renders it effervescent when 
opened. Is a most excellent, prompt, and agreeable saline 
cathartic. The officinal formula is defective.* 

BARIUM, Ba=68-6. 

296. Sources. — Native carbonate (witherite), and sul- 
phate (heavy spar). 

Bern. — Is prepared like Mg. Is unimportant as a 
metal; s. g. 1*6; decomposes water at ordinary tempera- 
tures. It forms two oxides, BaO, baryta, and Ba02, bin- 
oxide of Ba; the latter yields the second eq. of 0, readily in 
the form of ozone (antozone?). The protoxide forms a hy- 
drate, BaO,HO, with evolution of heat; this dissolves in 20 
parts cold or 3 of boiling water, and forms a very deli- 
cate test for CO2. The nitrate BaO,N05 is used in pyro- 
techny to communicate a green colour to flame ; also as a 
test for sulphuric acid. The salts of baryta are poisonous ; 
antidotes^ the soluble sulphates (Epson:w or Glauber's salt). 
The chloride may be obtained by the action of HCl upon 
BaO,C02=BaCU+C02^; it is used, like the nitrate, as a 
test, and is officinal in the Liquor Barii Chloridi: R. Ba- 
rii chlorid. ^^, Aquae destillatae fjiij, M. et filtra. Dose, gtt 
V t. d. Is considered alterative and anthelmintic. Incom- 
patibles, the soluble sulphates, tartrates and oxalates, 
nitrate of silver, salts of lead and mercury. 

STRONTIUM, Sr=43T. ^ 

29T. Prep. — In same manner as Ba, which it closely 
resembles. 

Bern. — Forms strontia, SrO, and binoxide of strontium, 
SrOg. Its salts give a red tinge to flame. They precipi- 

* Mflisch, Am. Jour, of Pharmacy, xxxix. 
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tate with the soluble sulphates, but less completely than 
those of Ba. May be distinguished by hydrofluosilieic acid, 
which precipitates BaO, but forms a salt with SrO, soluble 
in excess of acid. The preparations are not poisonous, 
and have been used in medicine with the same objects as 
those of Ba. 

ALUMINUM, Al=: 13-7. 

298. Sources. — In combination in clays, granitic rocks, 
and various minerals. 

Prep. — By passing the vapour of chloride of aluminum 
over sodium at a red heat, AlaCl3+3Na=3NaCl + Alg, or 
by heating cryolite with sodium, Al2F3,3NaF+3Na=6NaF 
+ AI2. 

Prop. — A white, tenacious, malleable, ductile metal of 
the hardness of silver, s. g. 2*56; fuses above a red heat; 
tarnishes in moist air; is not blackened by HS. Is not 
acted on by cold H0,S03, or H0,N05, but readily dis- 
solves in HCl, forming AI2CI3. Is acted upon also by alka- 
line solutions. Its alloys are remarkable for strength, 
lightness, and sonorousness; that with copper, aluminum 
bronze, has a permanent golden colour. The metal forms 
but one oxide, AI2O3, and its binary compounds are all of 
the same type. 

299. Oxide, AI2O3, Alumina. 

Prep. — Exists native in the sapphire, ruby, oriental 
topaz, and corundum. These bodies are not attacked by 
acids, and are inferior in hardness only to the diamond. 
It may be obtained by igniting ammonia alum, or the 
hydrate of alumina, AlgOajSHO. The hydrate is obtained 
by precipitating its salts by caustic alkali. It occurs native 
in Gibbsite Al,03,3HO, and Diaspore Al203,2HO. 

Prop. — Anhydrous, a soft, white, tasteless, inodourous 
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powder, without action on vegetable blues. The precipi- 
tated hydrate is a soft, gummy mass, like boiled starch, 
combining readily with acids and bases. 

Ghem. Bel, — Is like all sesquioxides a feeble base, its 
salts having an acid reaction ; it combines also with bases 
acting as an acid (NaO,Al203). Its salts have a sweetish 
astringent taste, and are generally soluble in water. Alu- 
mina has a remarkable attraction for organic matter, it pre- 
cipitates colouring matters from their solutions as lakes; 
is a powerful detergent and deodouriser. Is used largely 
in dyeing as a mordant (hinder mittel, binding-medium, of 
the Germans). Teat Alkalies throw down a gelatinous 
hydrate freely soluble in acids. 

Cotton impregnated with most organic colouring matters 
readily parts with them on washing. By using first a compound 
of aluminum, it adheres strongly to the fibre, also to the colour- 
ing matter, thus binding them firmly together. Binoxide of tin 
SnOa, sesquioxide of iron FegOg, are also used as mordants. 

' 300. Sulphate, AlgOajSSOa-hlSHO; Aluminae Sulphas, 
Is obtained by dissolving freshly precipitated alumina in 
sulphuric acid. Is used as a detergent, deodouriser, and 
styptic. 
301. Alnms. 

Alumina forms a series of double salts containing its sulphate 
with that of an alkali. They are types of a large class of com- 
pounds which have received the generic title of alums. Com- 
mon potash alum is a double sulphate of alumina and potassa 
with 24 parts of water, Al203,3S084-KO,S08+24HO. We may 
replace the potassa by the oxides of sodium, ammonium, lithium, 
caesium, and rubidium, and obtain salts hardly distinguishable 
from the potash alums. The alumina may be replaced by the 
iaomorphous sesquioxides of iron, manganese, and chromium; 
in the latter case the alums are coloured, but otherwise resemble 
in every respect common alum. The following list will give an 
idea of the composition of these isoraorphous double salts: 

Al A, 3 S08+ KO, SO3+ 24HO, 
CrA NaO, 

MnA NH4O, 

FeA CsO. 

19*^ 
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We have also a series of minerals of the same type, in which 
SIOb replaces SO3, but not isomorpbous with the foregoing, as 
they are anhydrous; thus: 

AlA,3Si084-KO,SiO„ Feldspar. 
AlA,3Si03 + NaO,Si08, Albite. 
AlA,3Si084-LO,Si08, Petalite. 
Al208,3Si084-CaO, SiOs, Labradorite. 

Many others are known in which the proportions of the two 
salts vary, but the general type remains. 

302. Alnmen, Alum, Al203,3S08+KO,S03+24HO. 

Prep. — Is made in various ways on the large scale, the 

principle of the process being to procure the sulphates of 

alumina and potassa, and crystallise them together. 

In this neighbourhood alum is made at the oil of vitriol works 
by acting upon a pure white clay (silicate) with unconcentrated 
sulphuric acid, mixing with the sulphate of alumina thus ob- 
tained the sulphate of potassa remaining after the manufacture 
of nitric acid, and crystallising. By replacing the KO,SO, by 
NH40,S03, obtained from gas-liquor, ammonia alum is obtained. 

Prop. — A colourless, slightly efflorescent salt, of a 
sweetish, astringent taste, crystallising in regular octo- 
hedra (1st system). It is soluble in 15 parts of cold and 
|ths its weight of boiling water. When heated, it fuses 
in its water of crystallisation, which is finally in great 
part driven oflF, the mass froths, swells, and forms a white 
porous mass, — dried alum, alumen exsiccatum. 

Med. Effects. — Astringent, tonic, and antispasmodic; 
in large doses, emetic and purgative. Given internally in 
croup, as an emetic, in colica pictonum, etc. The alumen 
exsiccatum is a favourite mild escharotic. Incompatibles. 
The vegetable astringents, alkalies, and alkaline earths, 
tartrates, and those of the soluble sulphates. 

Alum is largely used in dyeing, the preparation of skins, 
clarifying liquors (189), rendering wood and paper incom- 
bustible, and as a filling for iron safes. 

Aluminae et Ammoniae Sulphas, Ammonia alum. Prep, 
Given above ; it is used as a substitute for ordinary alum, 
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from which it is distinguished by the ammonia evolved 
upon treating it with a caustic alkali. The ammoniofer' 
ric alum, Fe208,3SOs+NH40,S03+ 24HO, contains no alu- 
mina; it will be considered under Iron. 

303. Silicates; Clay. 

Clay is formed by the decomposition of rocks contain- 
ing silicate of alumina; it is very variable in its compo- 
sition, the red varieties containing iron, and most clays 
magnesia, lime, potassa, soda, etc. Pure clay — fire clay — 
is a normal silicate of alumina, Al203,3Si03. Kaolin^ a 
white clay, used in making porcelain, contains A^OajSiOs 
+ 2H0 ; marh contain phosphates and lime ; Fuller'^s earth 
is a porous clay used for extracting grease. 

Prop. — When moist, exhales a peculiar odour; is plas- 
tic, hence its value in the manufacture of porcelain, earth- 
enware, etc. When dried it becomes hard, adheres to the 
tongue, and becomes an active deodouriser. In soils it 
possesses the property of absorbing large quantities of 
ammonia, and of decomposing the compounds of that base. 

GLASS AND PORCELAIN. 

304. Glass is a mixture of the silicates of potassa and 
soda with those of alumina, lime, and the metallic oxides. 
The silicates of the alkalies alone are soft, acted upon by 
water and chemical agents, and in some cases freely soluble 
in water; those of the other bases named will crystallise 
and thus lose their transparency ; by admixture the faults 
of both are corrected. The composition of glass varies 
exceedingly; the following are the most important varie- 
ties. 

Bohemian Glass. — Much prized for its hardness and 
resistance to chemical agents; contains 66 p. c. silica, 12 
potassa, 9 lime, and 10 alumina. It is used in the labora- 
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toiy as flasks and tubes, and in many ornamental and use- 
ful forms. 

Grown Glass. — Resembles the Bohemian ; is used in the 
plates of mirrors, large windows, lenses, etc. 

Window Glass. — Used for common glazing, druggists' 
bottles, etc. ; contains soda in place of potassa. It has a 
greenish tinge when in thick plates. 

Flint Glass, used in lenses, prisms, and fine cut glass- 
war,e; contains, in addition to potassa, oxide of lead (43 
p. c). It is dense, soft, easily fusible, and of a high refrac- 
tive power. 

Paste^ or strasSy used for imitating gems, is a flint glass 
containing a still larger proportion of lead. 

Bottle Glass. — Contains oxide of iron, to which it owes 
its green colour. Is made of the cheapest materials; it 
contains but little alkali. Is not easily acted upon by acids 
or alkalies. 

Soluble Glass. — Is a silicate of potassa or soda contain- 
ing an excess of base. When powdered, it is freely solu- 
ble in boiling water. It is used as a detergent, as a fire- 
proof varnish for wood, and as a cement. 

Colours of Glass. — Soda glass has always a greenish 
tinge ; the various metallic oxides communicate colours to 
glass; they may be incorporated with the glass in the melt- 
ing-pot, or applied to its surface in the form of enamel or 
glaze (stained glass). Green is produced by protoxide of 
iron, FeO, or protoxide of copper, CuO ; blue, protoxide of 
cobalt, CoO ; yellow, by oxide of silver, AgO, and teroxide 
of antimony, SbOs. The fluorescent canary glass is coloured 
by the sesquioxide of uranium, U2O3 ; ruby red, by oxide 
of gold, AuO, and suboxide of copper, CuaO; amethystine, 
purplish-pink, by binoxide of manganese, Mn02; the same 
in large quantity, mixed with oxide of cobalt, CoO, a black. 
White enamel, used for watch-dials, is glass with oxide of 
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tin, SnO ; and an opalescent white glass, used for lamp- 
shades, contains arsenic. Black oxide of manganese is 
added in the manufacture of glass to take away its green- 
ish tinge; this is done by oxidising any FeO present to 
Fe^Os, which does not colour; the manganese itself com- 
municates a pinkish tint to the glass, which being com- 
plementary to the green neutralises it. It is hence called 
glass-maker^ s soap, or pyrolusite (Gr. pur, fire, and luo, I 
wash). 

305. Porcelain. — The various grades of earthenware 
from the finest porcelain to the commonest red pottery are 
all formed by baking clay; the difference being in the 
quality of the clay and the methods of manufacture. For 
porcelain the finest Kaolin free from all iron is used ; for 
common pottery, ordinary clay, the iron of which gives the 
well-known red colour. The articles, after being shaped 
while the clay is in a plastic condition, are baked, when 
they become hard but are porous, as in an ordinary brick 
or flower-pot ; they are afterwards glazed. For porcelain 
a fine glazing of powdered feldspar and quartz is used ; 
for stoneware, common salt, which at a high heat is decom- 
posed and the soda formed unites with the silica of the 
stoneware. Common black glazing contains lead, and 
accidents may occur if acid liquids kept in dishes so 
glazed are afterwards used in food. The colours used in 
porcelain are the same as for glass. Fire bricks are made 
from a pure clay, free from all metallic oxides. Hessian 
crucibles are made of a mixture of clay and sand ; they 
bear a high heat, but are apt to crack. Black-lead crucibles 
are made of a mixture of plumbago and clay; they will 
stand heat better than the former. In delicate chemical 
operations porcelain and platinum crucibles are used. 
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MANGANESE, Mn=27-8 

306. Sources, — The native black oxide, MnOj, and car- 
bonate. It is stated to exist in small quantity in the blood. 

Prep, — By reducing MnOs at a high heat by means of 
carbon. 

Prop. — A steel-gray metal, brittle, s. g. 8*00 ; on expo- 
sure to the air oxidises and crumbles to powder. It ap- 
pears to possess feeble magnetic properties at low tem- 
peratures. 

Ghem. Reh — Forms with 0, MnO, a base, MugOs, a 
feeble base, MnOj, a neuter body, MnOg manganic acid, 
and MUjOt permanganic acid. Its other binary com- 
pounds are of slight importance ; the iodide has been em- 
ployed in medicine; it may be made by the double de- 
composition of MnO,S03+KI=MnI^-fKO,S03; it is made 
into a syrup like the Syrup, Ferri. lodid. The salts of 
manganese have a delicate rose-colour. Test. Sulphydrate 
of ammonia gives a flesh-coloured characteristic precipi- 
tate ; the salts communicate an amethystine tint to borax 
in the outer blowpipe flame. 

307. Oxides. 

The protoxide is obtained hydrated by the addition of 
KO,ftO to MnO,S03=KO,SOj^-f MnO,HO. It is white, 

rapidly absorbing oxygen, and becoming sesquioxide. 
The anhydrous protoxide is of a dirty green colour; it 
rapidly absorbs O, and at 600° takes fire. 

The sesquioxide, MuaOg, is isomorphous with AlaOs; not 
important. 

The BiNOXiDE, MnOg, pyrolusite, Manganesii Oxidum 
nigrum, is found native. It readily yields a portion of 
its O when heated. It does not unite with acids or bases; 
an acid added to it forms a salt of the protoxide with evo- 
lution of 0, MnO,+HO,S03=MnO,S03^4-HO+0^ Is 
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extensively used in the manufacture of chlorine, of glass, 
and the permanganates. It is oflScinal as Manganesii 
Oxidum nigrum, but is rarely used in medicine Man- 
ganic acid, MnOg, is not isolable. By heating MnOg with 
K0,N06 and KO,HO, K0,Mn03 is formed. This is an 
uncrystallisable mass of a greenish colour {chameleon min- 
eral)] when thrown into water, it becomes purple and 
finally red from the formation of permanganate, KO, 
MnA ; 3CKO,Mn03) + 2H0 = KO,Mn207 + 2K0,H0 + 
MnOj. 

Permanganic Acid is known only in combination with 
water or a base ; it is rapidly decomposed by organic mat- 
ters and other deoxidising bodies, becoming reduced to 
MujOs. See Potassae Permanganas (309). 

The compound oxides, red oxide Mn304, or MnOjMnjOa, 
and varvicite Mn407=2MnO,Mn203, are unimportant. 

308. Manganesii Sulphas, MnO,S03+5HO (at 60°). 
Prep,— By gently heating MnOj with HO,S03=M:nO, 

SOg+HO+O, evaporating and crystallising. The quan- 
tity of water of crystallisation will depend upon the tem- 
perature of the latter operation. 

Prop. — Rose-coloured rhombic crystals (3d system), 
very soluble in water, insoluble in alcohol; of a bitter, as- 
tringent taste. It may contain copper, iron, and arsenic. 
Should give no precipitate with infusion of galls, a flesh- 
coloured one with NH4S,HS, and a white one with KjCfy. 

Med. Effects. — In doses of 5j to ^ij a cholagogue ca- 
thartic; in smaller doses, gr x to xx, has been used in con- 
junction with iron in anaemia. 

309. Potassse Permanganas, KOyMugO,. 

Prep. — Is always made on the large scale ; an outline 
of the method is given in § 307. 

Prop. — In brilliant purplish-red, right rhombic crystals 
(3d system), soluble in 16 parts water at 60° ; they ex- 
plode when heated. They communicate an amethystine 
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tinge to water when in very small quantity ; the concen- 
trated solution is of a deep red colour, permanent, and of 
a peculiar taste. When necessary, it may be filtered through 
gun-cotton ; most other organic matters decompose it rap- 
idly. 

Med. Effects. — An excellent deodouriser. It probably 
acts by eliminating ozone, and thus destroying organic 
effluvia and compounds containing hydrogen. If exposed 
in solution (Condy's solution) in shallow vessels, it speedily 
purifies the air of a room, and will continue to act for a long 
time. Added to foul water, it renders it sweet, becoming 
at the same time reduced to MnOa, which subsides, and 
KO, which remains in solution; K0,Mnjf07-f HO^=KO, 
HO -f MnOa + Oj. Has been used externally in the treat- 
ment of various foul ulcers and offensive discharges, gan- 
grene, diphtheria, etc. Also to remove the offensive odour 
of the armpits and feet, and that adhering to the hands 
after certain operations, post-mortem examinations, etc. 
Internallv has been administered in cases where an oxid- 
ising agent is supposed to be indicated, and in zymotic 
diseases, but is probably decomposed before reaching the 
stomach. It must be applied with a brush of asbestus, as 
it is decomposed by organic matter. In large doses would 
prove an irritant poison, the antidote being albumen, milk, 
or similar organic matters. It is used in the laboratory as 
a reagent in volumetric analysis. 

mON, Fe=28. 

* Syllabus. 

•As Metal: {a) Ferrum; (b) Ferrum Bedactunif Qu^ 
vennes iron. 

Oxide : FerH Oxidum Hydratum, FcaOg.SHO. 
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Sulphide, FeS; Ferri Sulphurettim. 

Chloride, FegClj: (a) Ferri Ghloriduni] (6) Tinctura 
Ferri Chloridiy — gr xxix to fgj. 

Iodide, Fel: (a) Syrupus Ferri lodidi^ — gr xlviii to 
I'gj ; (b) Pilulsd Ferri lodidi. 

Ferrocyanide, Fe4Cfys, Ferri Ferrocyanidum, Prussian 
Blue. 

Nitrate, FejOjjSNOs ; Liquor Ferri Nitratis, 

Carbonates: (a) Pilalse Ferri CarboncUis (FeO,C02), 
Vallet's Mass; (6) Mistura Ferri Goviposita, and (c)PilulsR 
Ferri Gompositss (contain FeO,C02) ; (d) Ferri Subcarbo- 
nas (Fe203,C02?); (e) Trochiaci Ferri Subcarbonatis. 

Sulphates: (a) Ferri Sulphas, FeO,S03+7HO, Cop- 
peras, Green vitriol; (b) Ferri Sulphan Exsiccata, FeO,SOj 
-f-HO; (c) Liquor Ferri Tersulphatis, Fe203,3S03; (d) 
Liquor Ferri Subsulphatis, 2Fe20s,5SOs, MonsePs solution ; 
(e) Ferri et Ammoniae Sulphas (Fe203,3S03+NH40,S03+ 
24:HO), Ammonio-ferric alum. 

Phosphates: (a) Ferri Phosphas, 2FeO,HO,P06; (b) 
Ferri Pyrophosphas (contains 2Fea03,3P06+9HO). 

Lactate; Ferri Lactas, FeO,C6H506+3HO. 

Tartrates : (a) Ferri et Potassae Tartras, Fea03,K0, 
C8H40,o+HO ; (6) Ferri et Ammoniae Tartras, FcjOa, 

]S[H40,C«H40,o. 

Citrates: (a) Ferri Gitras, FeaOsCiaHgOn ; (6) Liquoi 
Ferri Gitratis — ^ss to f^j ; (c) Ferri et Ammoniac Gitras, 
FeA,NH40,Ci2H30n+2HO, [d) Ferri et Quinise GUraa, 
Fe A,C4oH24N204,Ci2H50„+ 4?H0. 

310. Sources. — The most important ores of iron are 
the Magnetic oxide, Fe304, Specular iron or red haematite, 
F2O3, Brown haematite, Fe203,3HO, Sparry carbonate, FeO, 
CO2, and Clay iron stone, which also contains the carbon- 
ate. It exists abundantly as iron pyrites, FeSa, which is 

not used as an ore ; in soils, rocks, mineral springs, the 

20 
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hsematine of the blood, etc. Is the most aljuiidant and 
Tyidely diffused of the heavj metals. Is found very rarely 
native ; occurs combined with nickel in meteoric stones. 

Frep. — Iron ores are reduced in the blast furnace by 
means of carbon ; lime-stone is added to act as a Jlux — 
that is, to combine with the silica of the ores, which would 
otherwise unite with the iron ; the slag formed by the sili- 
cate of lime floats on the surface of the reduced iron, and 
is taken from the lower part of the furnace by a separate 
opening. Cast iron, the product of the blast furnace, is a 
carbide containing as high, in some cases, as 5 p. c, which 
would give Fe^C. It also contains graphite, uncombined 
carbon, silica, and often sulphur and phosphorus ; the lat- 
ter are exceedingly difficult to remove and injurious to its 
quality, sulphur rendering iron brittle when hot (red short) 
and phosphorus when cold (cold short). Wrought iron is 
made by burning the carbon out of cast iron by a current 
of air (puddling). It may be obtained pure by reducing 
pure FcaOa by a current of H at a red heat (Ferrum re- 
dactum). Malleable iron, so called, is manufactured by 
keeping plates or articles made of cast iron imbedded in 
haematite or oxide of zinc, at a red heat, for a long time. 
The iron loses a part of its carbon, and resembles in many 
respects wrought iron. Steel contains from 1-3 to 1 -75 p. c. 
of carbon. It is prepared (1) by partially decarbonising 
cast iron (puddled steel); (2) by exposing bars immersed 
in charcoal powder to an intense heat for 48 hours or more 
(blistered steel). The latter process is termed cementa- 
tion. 

Prop. — Oast iron is of a grayish-white appearance, s. 
g. 1*201, melts at a white heat, and in small masses burns. 
It expands on cooling. Wrought iron is infusible, but at 
a white heat becomes pasty and may be welded ; it is mal- 
leable, and one of the most ductile and tenacious of metals, 
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s. g. 7t80. It has a silvery, metallic lustre, which soon 
tarnishes. Steel has a s. g. of 7*850, is more tenacious 
than iron, and has the remarkable property of becoming 
hardened when heated to redness and suddenly cooled ; 
by reheating and slowly cooling, this hardness is dimin- 
ished (drawn down), and the steel is said to be tempered. 
It is then highly elastic, malleable and ductile. Iron and 
steel possess magnetic properties, which they lose when 
heated to redness. All the forms of iron rust when ex- 
posed to moist air or when immersed in ordinary water. 
The presence of a small portion of acid, or of certain salts, 
increases greatly this change, and the presence of alkalies 
and lime in water retards it. Iron does not rust in water 
deprived of air. Cast iron long immersed in sea-water 
has the iron entirely removed, leaving a mass of carbon. 
Rust consists of hydrated sesquioxide, FeaOgjSHO, and 
always contains NII4O, from the union of atmospheric N 
with the nascent H given off during oxidation. When 
iron is burned, the magnetic or black oxide FcsO^ is formed. 

311. Passive Condition of Iron. — Iron is usually readily attacked 
by acids, but may be rendered passive^ in which state it is not 
affected by concentrated nitric acid. This condition may be 
brought about (1) by heating the iron and plunging into HO, 
NOfi; (2) by dipping it in HO.NOg and washing with water; (3) 
by putting it in contact with a platinum wire or piece of passive 
iron immersed in the acid; (4) by making it the positive pole of 
a voltaic circuit, introducing it after the negative. These curious 
results appear to depend upon the formation of a film of oxide. 
Passive iron is employed as a cheap substitute for platinum in 
the nitric acid battery (98). 

312. Ghent. Bel. — Iron unites with most of the metals, 
and with all the non-metallic elements, except H ? and B. 
It forms with O, 1. Protoxide , ferrous oxide, FeO, which 
may be obtained by precipitating a salt of the protoxide 
with a caustic alkali ; it forms a whitish hydrate, losing 
its water, and becoming black, when boiled ; is attracted 



232 MEDICAL CHEMISTRY. 

by the maguet ; exposed to the air, turns green, and ulti- 
mately brown, absorbing O and becoming sesquioxide ; 
when dry, it sometimes absorbs O with such avidity as to 
take fire ; is powerfully basic. Its salts are generally of a 
delicate green colour, and nauseous, metallic taste ; they 
absorb oxygen readily, except the native carbonate, be- 
coming brown, from the formation of sesquioxide. 2. Ses- 
quioxide j Ferric oxide, Colcothar, Crocus MartiSy jewel- 
lern^ rouge, FejOg, prepared by precipitating a salt of the 
sesquioxide by caustic alkali, and igniting the hydrate thus 
formed, is of a red colour, not attracted by the magnet, 
unaltered by heat, reduced by a current of hydrogen at a 
red heat, or by C at a higher heat ; is feebly basic when 
hydrated, inert when anhydrous. Its salts, formed gen- 
erally by oxidising those of the protoxide, have a reddish 
or brown colour, a styptic, astringent taste, and an acid 
reaction. It is reduced by vegetable matter, the prot- 
oxide formed again absorbing O from the air and carry- 
ing it to the fabric Thus the corrosive effect of rust or 
iron mould is accounted for. Like alumina, it acts as a 
mordant, and it renders the colours darker. 3. Black Ox- 
idCy Magnetic Oxide, Fe304, most probably a combination 
of FeO,Fe203, does not form salts. Ferric Acid, FeOg, has 
not been isolated ; its potassa salt forms a deep amethys- 
tine-red solution, which soon decomposes ; it forms with 
baryta a deep crimson, insoluble, permanent salt; with 
S, FeS {Ferri Sulphuretum), FcaSg, FeSa, iron pyrites, and 
FcySs, magnetic pyrites. Iron pyrites, FeSj, occurs in 
cubes or octohedra (1st system) of a brassy appearance, 
and so hard as to strike fire, hence its name (Gr. pur, fire). 
It is easily distinguished from gold by its hardness and 
its lower s. g. 4*T, and the SO2 evolved when it is heated. 
Exposed to moist air, when mixed with protosulphide, as 
in various shales, the latter absorbs O, developing consid- 
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erable heat, and becoming FeO^SOs, which is thus somo- 
times manufactured. 

There are two varieties of common pyrites generally described ; 
the hepatic, which is of a liver-colour, appears to be only common 
pyrites partially oxidised. We have also two varieties of arseni- 
cal pyrites. 

The other important compounds of iron will be consid- 
ered under their officinal preparations. 

Tests. — For the protoxide : Ferricjanide of potassium, 
KgCfdy, throws down a blue precipitate (FegCfdy, Turn- 
bulPs blue). For the sesquioxide : (1) Infusion of galls, a 
black precipitate (ink) ; (2) Ferrocyanide of potassium, 
KjCfy, a blue one (Prussian blue, Fe4Cfy8) ; (3) Sulpho- 
cyanide of potassium, KCsy, strikes a blood-red colour ; 
(4) HS gives a white precipitate of S ; and (5) NH4S,HS, 
a black one of FeS. 

Med. Effects. — The salts of iron are tonic and astrin- 
gent, the former property being possessed more decidedly 
by the proto compounds conveniently termed ferrous salts, 
and the latter by the sesqui^ or ferric salts. It is deficient 
in the blood in anaemia. The blackening of the stools ob- 
served during the internal use of iron is due to the for- 
mation of sulphide. 

Incompatibles. — The vegetable astringents, the alka- 
lies, alkaline earths, and their soluble carbonates. The 
members of the cyanogen group generally. 

313. As Metal. — Ferrum Redacturrif Qu^vennes iron. 

Prep. — By passing a current of H at a red heat over 
Ferri subcarb.^ which may be regarded in many cases as 
merely a sesquioxide, Fe203-fH3=Fe+3HO. 

Prop. — A light tasteless iron-gray powder, having the 
properties otherwise of iron. It readily absorbs moisture 
from the air and oxidises ; hence it should be kept in well- 
stopped bottles. Dose, gr j to iij ; is readily administered 
20* 
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in lozenges, etc. It causes eructations of H. Is incom- 
patible with acids and acid salts. 

314. Oxide, Ferri Oxidum Hydratum, FejOjjSHO. 

Prep, — By adding to Oj Liq. Ferri TersulphatU, pre- 
viously mixed with Oiij Aquae, Aqua Ammonise, until in 
slight excess; the precipitate is separated by a wet muslin 
strainer and washed, FeA,3S03+3(NH40,HO)=Fe20s, 
3H0-f 3(NH40,S03)->. In the absence of the Liq. FerH 

Tersulphat.y the Tinct. Fer7i, Chlorid. may be used, FejCls 
+ 3(NH40,HO)=FeA,3HO+3NH4Cl->. MonsePs solu- 

tion (321), or any soluble ferric salt, will yield the ferric 
hydrate on the addition of an alkali or alkaline carbonate. 

Prop. — A brownish pulpy mass, freely soluble in acids; 
when long kept, undergoes a change, becoming crystalline, 
and losing one-half of its water ; its virtues as an antidote 
are then impaired; it also quickly becomes crystalline 
when frozen; immediately, at 21° (Limberger) ; does not, 
however, then lose its water, as when long kept, and 
although less soluble than the amorphous, is more so than 
that which has become crystalline, and less hydrated by 
long keeping (Wittstein). 

Med. Uses. — Used sometimes as a tonic; most valued 
as an antidote to Arseniotjs Acid. 

315. SnlpMde, Ferri Sulphuretum, FeS, or (5FeS+ 
Fe^Ss). 

Prep. — By heating together Fe and S. 1. A mixture 
of two parts of S and one of Fe by weight. 2. By nibbing 
roll sulphur upon the end of an iron rod heated to redness 
and allowing the fused mass to fall into water^ It gener- 
ally contains an excess of S, but when heated to expel this, 
is a protosulphide (^ferrous sulphide), FeS. Has a brown- 
ish-black colour; evolves HS on exposure to moist air.^ Is 
used only for making sulphydric acid, HS (217). 
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316. Chloride, Ferri Chloridum, Tinctura Ferri Cklo- 
ridi. 

Prep, — Take of pieces of iron wire (card-teeth are con- 
venient) 3ij> Acid. Muriatic Sxii, Acid. Nitric, ^j or q. s. 
Add the iron to 5 viij of the Acid. Muriat. in a large flask, 
and heat gently until eflfervescence ceases ; filter, add the 
remainder of the Add, Muriat., heat nearly to boiling, and 
add the Add. Nitric, by degrees until red fumes are no 
longer evolved and the liquid does not afford a precipitate 
with ferricyanide of potassium, KgCfdy (absence of ferrous 
chloride). Evaporate and crystallise. 

Remark, — Iron forms a ferrous chloride, when acted 
upon by HCl; Fe4-HCl=FeCl+H. It is % greenish 
liquid, prone to change. By the action of the HOjNOg 
and HCl this is converted into the ferric chloride, 6FeCl 
+ HO,N05+3HCl=3Fe2Cl3+N02+4HO. 

Prop. — In orange-yellow grains of a crystalline struc- 
ture which varies with the amount of water of crystallisa- 
tion. Is rarely used in the solid form. In solution is 
employed as a styptic and deodouriser. 

Tinctura Ferri Chloridi; Muriated Tincture of Iron. 
R. Ferri, giij ; Add. Muriat., ,5xviiss ; Alcohol, Oiij ; Add. 
Nitric, Aquae Destillatae, aa q. s.' Proceed as in the last 
preparation, but instead of crystallising add the aqueous 
solution, which should measure Oj, to the alcohol. It was 
formerly prepared by the action of HCl on Ferri subcarb., 
FeA,3H0 + 3HCl=Fe2Cl3+6HO. 

Prop. — A transparent, reddish-brown liquid of a styptic, 
sour taste and agreeable fruity odour, s. g. 0'990, contains 
29 grs to f 3 j. Is used as a specific in erysipelas and spas- 
modic stricture. Is incompatible with gum arabic. Dose, 
gtt X to XXX gradually increased ; should be diluted with 
water and sucked through a tube to avoid action on the 
teeth. 
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317. Iodide, Fel ; Syrupus Ferri lodidi. 

Prep. — Introduce into a thin glass flask ^ij lodiniif 
Ferri fill* gr ccc, Aqtiae destillatas f^iij; agitate until the 
liquid acquires a green colour and loses the smell of 
iodine. Then filter into it Oj Syrupi previously heated to 
212° ; shake thoroughly, and when cool add Syrupi q. s. 
ad f^xxii. The iron is in excess; the sugar protects the 
iodide from change ; without it the iron becomes oxidised 
and the iodine set free, giving a brownish tinge to the 
liquid; iron wire in the liquid will again combine with 
this. It should be kept in the dark. 

Prop. — A transparent, greenish liquid, which should 
not affect ^starch (absence of free iodine). Has the medi- 
cal properties of its constituents. Dose, gtt xx to xl, 
dropped into water in a glass or porcelain vessel. Like the 
Tiact. Ferri Chlorid., should be taken through a glass 
tube, or quill. 

Pilulae Ferri lodidi, Blancard's Pills. 

Prep. — gss lodinii, gr ccxx Ferri fili and fgj Aquae, 
are mixed as above, and filtered upon a mixture of Al- 
theae pulv. Jss,. Acacise pulv. et F^rri Redacti aa gr Ix; 
f^ij Aquae destillaL being poured upon the filter to wash it. 
Evaporate with stirring to a pilular consistence, and make 
300 pills. These are coated by shaking in a solution of 
Balsam. Tolutani gr Ixj in f^j AStheris, and drying. Each 
pill contains about gr j Ferri lodid. and I gr Ferri Redacti. 
They are quite permanent. 

318. Perrocyanide, Ferri Ferrocyanidum, Prussian Blue, 
Fe4Cfy3. 

Prep. — By adding gradually with stirring to a solution 
of Potass. Ferrocyanid. ^ix in Oij Aquae, Oj Liq. Ferri 
Tersulphatis diluted with Oj Aquae, and washing the pre- 
cipitate with boiling water; 3K2Cfy+2(Fe203,3S03)=Fe, 
Cfya-h 6(KO,S03)__>. Soluble Prussian Blue (not officinal) 

'^ Iron wire, card teeth. 
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is made, (1) by exposing the white precipitate obtained from 
a ferrous salt by K^Cfy to the air, (Fe4Cfy3+Fe203); (2) 
by adding FegOgjSNOs to an excess of KgCfy, and washing, 
(re4Cfy34- 2K2Cfy). Both of these dissolve in pure water. 

Prop. — The officinal ferrocyanide is a deep blue, taste- 
less, inodorous powder, insoluble in water and alcohol. 
Is used in dyeing, painting, and when dissolved by the 
aid of oxalic acid, HO,C203, forms blue ink. Has been 
used as an antiperiodic and in neuralgia. Dose, gr v to x, 
gradually increased. 

319. Nitrates, Liquor Ferri Nitratis, Fe203,3N05. 

Prep. — By the action of dilute H0,N05 ^^ excess upon 
iron.* At first o, ferrous nitrate is formed, which has a pale 
colour and is prone to decomposition, Fe 4- HO,N05=FeO, 
NO5-J-H. This is employed in medicine when protected 
by syrup, but is not officinal. The ferrous nitrate, heated 
to 130° with the gradual addition of H0,N06, becomes 
ferric nitrate, 6(FeO,N06) + 4(HO,N06) = 3(Fe208,3N05) 
-f NO2+4HO; s. g. 1060 to 1-070. It contains gj Fern 
to fgxxxvi of solution. 

Prop. — An amber-coloured liquid of an acid, astringent 
taste. Used especially in chronic diarrhoea, unattended 
by ulceration. 

320. Carbonates. 

Pern. — An alkaline carbonate added to a ferrous salt 
throws down a white hydrated ferrous carbonate, FeOjCOa; 
on exposure to the air this absorbs O, and loses CO2, be- 
coming F2O3 with a varying proportion of CO2. 

Pilulae Ferri Carbonatis, Yal let's Mass. 

Prep. — R. Ferri Sulph. ,?viii; Sodas Garb, gix; Mel. 
Despum. giij; Sacch. pulv. ^u] Aq. Bull. Oij; Syrup, q. s. 
Dissolve the sulphate of iron and carbonate of soda, each 
in Oj of water, to which has been previously added fgj 
syrup; mix the two solutions, pour into a bottle, closely 

* Excess of water is omitted in the reactions. See p. 128. 
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Stopped, just large enough to hold them, and allow tho 

precipitate to subside, (FeO,S03+NaO,C02==FeO,COa+ 

♦ 
NaO,S03->); pour off the supernatant liquor; wash the 

precipitate with water recently boiled and sweetened with 
syrup (f^ j to Oj), until the washings have no longer a 
saline taste; place it upon a flannel cloth to drain, and 
afterwards express as much water as possible ; then im- 
mediately mix with the honey and sugar; by means of a 
water-bath evaporate with constant stirring to a pilular 
consistence. 

Bern. -^The use of the sugar is to protect the ferrous 
carbonate, reO,C02, from change. An efficient and easily 
administered chalybeate. Dose, gr v to x. The Mistura 
Ferri Composita and Filulae Ferri Compositas contain 
FeO,C02; they are liable to change, and but rarely pre- 
scribed. 

Ferri SubcarbonaSf Precipitated carbonate of iron. 

Frep. — As above, but without the use of syrup; the 
precipitate is washed with water and dried on unsized 
paper, without heat. The reO,C02 at first precipitated 
absorbs O, turns reddish-brown, and loses a great part of 
its CO2. The preparation is a hydrated sesquioxide con- 
taining some CO2. 

Frop. — A reddish-brown powder, soluble freely with 
effervescence in HCl, with difficulty in other acids. When 
heated, it loses water, becomes of a brighter red, and is 
injured ; by high heat it becomes anhydrous FcjOs which 
is not attacked by acids or alkalies, and is inert, (colcothar, 
jeweller's rouge). When prepared as directed, may be 
used, in the absence of the Ferri Oxid. Hydrat.j in cases 
of poisoning by AsOj. Is given in doses of gr x to xx as 
a tonic, and in large doses up to ^j as an antispasmodic. 
The Trochisci Ferri Subcarbonatis contain each about 
gr V. 
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321. Sulphates. 

Ferri Sulphas, Ferrous sulphate, Copperas, Green vitriol, 
FeO,S03+ THO. Is made by acting on iron by dilute HO, 
SO3, evaporating and crystallising; re+HO,S03=reO, 
SO3+H. On the large scale, from the refuse HOjSOg of 
the refineries of petroleum, chloroform, etc., and old iron 
scraps ; also by the oxidation of iron pyrites ; the latter is 
too impure for medical use. 

Prop. — When pure, is in bluish-green, transparent crys- 
tals of a styptic taste and acid reaction; soluble in 2 parts 
cold and I boiling water ; the crystals contain 1* eq. water 
of crystallisation, 6 of which they lose by a moderate heat 
(Ferri Sulphas Exsiccata)\ exposed to the air, becomes 
green and finally covered with a brownish efflorescence 
of subsulphate of sesquioxide ; its solution is a pale green, 
becoming dark from the absorption of 0. Is tonic and 
astringent ; should be dried before making into pills. 
Dose, gr i to v. Mixed with an equal weight of lime, 
forms a -cheap deodouriser for sinks, etc. 

Liquor Ferri Tersulphatis, Solution of Ferric sulphate, 

Fe203,3^3. 

Prep. — R. Acid. Sulphuric, gij gr Ix, Acid. Nitric. Jj 
gr ccclx, Aquse Oss. M, Add Ferri Sulphat. pulv. gxii, 
one-fourth at a time, to the mixture, previously heated to 
the boiling-point, stirring after each addition until effer- 
vescence ceases, and heat until the liquid acquires a reddish 
colour and loses the odour of NO* ; when nearly cold, add 
Aquae q. s. ad Ojss. The nitric acid is used to raise the 
ferrous oxide of the FeO,S03 to the ferric oxide, and an 
additional equivalent of H0,S03 is used for each of FejOg 
formed to make a normal salt (243), 6(FeO,S03)+N05 

= 3(Fe203,2S03)_>+ N^^ ; FeA,2S03+HO,S03= FeA, 
3SO3+HO. 

Prop. — A permanent clear reddish-brown liquid, s. g. 



1 
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1*320, of an astringent, acrid taste, miscible without decom- 
position in all proportions with water and alcohol. Is 
rarely prescribed, being used chiefly in making other fer- 
ruginous preparations. 

Liquor Ferri SubsulphatiSf MonsePs solution, 2Fe20,, 
5SO3. 

Prep. — R. Ferri Sulphat. S^ii, Acid, Sulphuric. 3j gr 
XXX. Acid, Nilric. ^j gr ccc, Aquae q. s. The process is 
the same as that last described, making the quantity of 
solution at the end of the operation f^xii. 

The name persulphate of iron, commercially given to this prepar 
ration, is bad ; persulphate means strictly a compound of per- 
sulphuric acid, a body unknown. If it is intended to mean 
sulphate of the peroxide, it is equally unfortunate. The use of 
the terms peroxide, persulphide, etc., for sesqui compounds should 
be banished from chemical nomenclature as indennite. It is a 
9u58ulphate, as it contains an excess of base. 

Prop. — A ruby-red, syrupy solution, s. g. 1.552, resem- 
bling that last described in general properties, but less 
acrid to the taste and less irritating. Is largely used as a 
styptic and astringent. On evaporation, yields deliques- 
cent, readily soluble scales, but, like most sub-salts, does 
not crystallise. 

Ferri et Ammonias Sulphas, Ammonio-ferric alum, FjOg, 
3S03+NH,0,S03+24HO. 

Prep. — R. Liq. Ferri Ter sulphat. Oij, Amm^oniae Sul- 
phat. givss. Heat the former to the boiling-point, add 
the latter with stirring; when dissolved, evaporate and 
crystallise. By using KOjSOj in proper proportion, a 
potasHio-ferric alum, nearly identical in physical proper- 
ties, is obtained. 

Prop. — Resembles ordinary alum in most respects; the 
taste is sour, and it is rather more soluble. Is used in the 
same cases ; has the disadvantage of iron-moulding 

linen. 
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322. Phosphates. 

Ferri Phosphas, 2FeO,HO,P06, or 2FeO,Fe203PO,. 

Prep. — Is made by double decomposition of Sodse 
Phosphas (6 parts by weight) and Ferri Sulphas (5 
parts by weight); 2NaO,HO,P05, + 2(reO,S03)=2FeO, 
H0,P05 and 2(NaO,S03_^). Should the FeO,S03 con- 

tain FegOg, it will combine in place of the basic water; the 
insoluble phosphate i^ filtered from the solution of the sul- 
phate, washed and dried. 

Prop. — A bright, slate-coloured powder, insoluble in 
water, but soluble in acids, which usually decompose it ; it 
may be dissolved unchanged in Metaphosphoric acid, 
H0,P05, and in HCl. 

Med. Effects. — Those of its constituents. Dose, gr v 
to X. Combined with phosphates of lime, soda potassa, 
and rendered soluble by H0,P06 or HCl, it constitutes 
the so-called chemical food. 

Feri'i Pyrophosphas. 

Prep.-^Sodae Phosphas, 2NaO,HO,P05+24HO, ^viiss, 
is gradually heated to redness, by which it becomes pyro- 
phosphate, 2NaO,P06; it is then dissolved in Aqua Oiij, 
and Liq. Ferri Tersulphat. added as long as a precipi- 
tate falls; this is drained and washed; 3(2NaO,P05)+ 
2(Fe203,3S03)=2Fe203,3P05+6(NaO,S03H.). Acid. Citric. 

Jij is then saturated with Aq. Ammonias; the citrate of 
ammonia formed is mixed with the 2Fe2Q3,3P05, and the 
liquid evaporated to gxvi and poured on glass, when it 
dries into scales. 

Prop. — Scales of an apple-green colour and acid saline 
taste, freely soluble in water. Contains 48 p. c. of pyro- 
phosphate of iron, which is held in solution by the citrate 
of ammonia. Dose, gr ij to v, in water or syrup. 
21 
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233. Lactate, Fem Lactas, FeO,C6H606+3HO. 

Prep. — By the action of dilute lactic acid on iron 
filings. Fe + HO, CgH A= FeO, CeHsOg + H. 

Prop. — Greenish-white crystalline grains, of a sweet- 
ish taste, soluble in 48 parts cold and 12 boiling water. 
Dose, gr x to xx. 

324. Tartrates. 

FerH et Potassse Tartras, KO,Fea03,C8H40,o+HO. 

Prep. — By heating cream of tartar, mixed with water, 
to 140°, and adding ferric hydrate as long as it will dis- 
solve. KO,HO,C8H,0,o+Fe203,3HO = KO,FeA,C8H40,o 
4-4HO. The salt, not being normal (243), does not crys- 
tallise. The solution is evaporated to the consistence of 
syrup, and spread upon panes of glass to dry. 

Prop. — Ruby-red, transparent scales, of a sweetish 
taste, soluble in 4 parts water. Contains about 30 p. c. 
of FcgOg. Is slightly laxative. Dose, gr x to xxx. 

FerrietAmmoniae Tartra8,^nfi,Fe203,CsRiOio+ 4 ? HO. 

Prep. — (1) Saturate ^vi Acid. Tart, dissolved in Oij 
Aquae destillat. with Ammonim Carh. q. s. ; then add gvi 
more of Add. Tart. (2) Saturate the resulting bitartrate 
of ammonia with ferric hydrate, and proceed as in the last 
preparation. The reactions involved and the properties 
and dose are similar. 

325. Citrates, Liquor Ferri Gitratis. 

Prep. — By saturating a solution of citric acid at 150° 
with Fe208,3HO. gv^vi of citric acid yield a pint of solution. 

Prop. — A deep reddish, permanent solution, of a slight 
ferruginous taste ; contains gss of FcaOsjCiaHsOu to the 
f 3j. By evaporation the solution as directed for the tar- 
trates, there is obtained the Ferri Citras in scales resem- 
bling in general properties and dose those preparations. 

Ferri et Ammonise Citras, NH40,Fe203,C,2H50n-|-2HO. 
R Liq. Ferri Gitrat. Oj, Aquse Ammoniae f^vj. M. The 
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solution is evaporated at a temperature not exceeding 160® 
and treated as the citrate. It is more soluble than the 
latter, but otherwise resembles it ; it contains 24*5 p. c. of 
FeA« 

Ferri et Quinise Gitras, Fe203,C4oH24N204,C,2H60|i+ 
HO? 

Prep. — By saturating Liq. Ferri Citrat, with Quinia 
obtained by precipitating the sulphate of quinia by am- 
monia in slight excess. The temperature of the solution 
during the operation should be 120°. It is evaporated and 
obtained in scales, of reddish-brown colour, bitter and 
ferruginous taste, slowly soluble in cold water. Dose, gr 
V to X. 

Other preparations of iron, as the acetate, tannate, valeri- 
anate, prototartrate, perchlorate, citrate of iron with strych- 
nia, magnesia, and zinc ; double phosphates of iron and am- 
monia, iron and lime, etc., etc., have been made and used. 
Fortunately they are not officinal as the list is already 
crowded with compounds differing but little in physical 
and medical properties. 

CHROMIUM, Cr=:26. 

326. Sources. — Chrome iron ore, FeOjCrgOa, and, rarely, 
native chromate of lead, PbOjCrOs- • The former by fusion 
with nitre gives the chromate of potassa, K0,Cr03, from 
which the other compounds are derived. 

Frep, and Prop. — By reduction of the oxide by C. Is 
a hard, grayish-white metal; s. g. 5*9; difficult of fusion, 
and does not readily oxidise. 

Ghem. Bel. — Resembles closely manganese and iron; 
with forms Frotoxide, CrO ; Sesquioxide, CrjOs, bases ; 
Chromic Acid, CrOs, aud Per chromic Acidj Ct20j. 

Addum Ghi^omicum, CrOa, is prepared by the action of 
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strong HOjSOs upon bichromate of potassa, KO,2Cr03. It 
crystallises in brilliant red prisms ; very deliquescent and 
soluble in water. It has been used in medicine as an 
escharotic. It rapidly dissolves organic matter, except 
gun-cotton and paraffine, and is a powerful oxidising 
agent, becoming reduced to CrgOa. The chromates are re- 
markable for their brilliant colours and are used as pig- 
ments, especially those of baryta, lead, and antimony. 

Potassse BiehromaSj KO,2Cr03, possesses the properties 
of CrOg, but in a milder degree. It is used as an escharotic 
and as an oxidising agent. Internally, in large doses, is 
an irritant poison. Antidotes : mild alkalies, demulcents. 
Has been used in small doses (gr |, gradually increased) 
in secondary syphilis. None of the other preparations of 
chromium are used in medicine. Workmen engaged in 
manufactures where it is used are liable to painful ulcer- 
ations. 

NICKEL and COBALT. 

32T. Two metals, isomorphous with iron, zinc, and cop- 
per. They occur in nature as arsenides and generally as- 
sociated. They are not employed in medicine. 

Nickel, Ni = 29'5. — A white metal, s. g. 8 to 8*8; dif- 
ficult of fusion, is magnetic; occurs in meteoric stones. 
Its protoxide, NiO, forms salts of a delicate green colour. 
Nickel is chiefly employed in the manufacture of German 
silver, which contains 100 parts copper, 60 of zinc, and 40 
of nickel. 

Cobalt, Co — 29*5. — Resembles nickel in properties and 
chemical relations: Its protoxide, CoO, forms pink salts, 
but is precipitated by alkalies as a blue hydrate. The 
chloride, CoCl, is used in dilute solution as a sympathetic 
ink, being invisible until heated, when it becomes blue, 
and again fades, if not too highly heated, on cooling. Co- 
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bait is employed to give a blue colour to glass and artifi- 
cial gems ; also in blowpipe analysis. 



COPPER, Cu = 31T. 

328. Sources. — Occurs native, and as oxide, carbonate 
(malachite), and sulphide (copper pyrites, FeaSgCuS). 

Prop, — A brilliant, sonorous, very malleable and duc- 
tile metal, of a characteristic colour, slightly nauseous 
taste, and disagreeable odour when rubbed ; s. g. 8*89 ; 
fuses at 1996° ; is but little affected in dry air ; in moist 
air, especially in the presence of acids, becomes coated 
with a green carbonate. At a red heat it becomes covered 
with a black scale of CuO. 

Chem. Bel. — Forms three oxides : Suboxide CugO, Prot- 
oxide CuO, and an undetermined higher oxide, which is 
acid. The protoxide is of a black colour, its salts are iso- 
morphous with those of zinc and of a rich blue or green 
colour. Those of CujO are colourless. 

The alloys of copper are numerous and valuable. Brass con- 
tains copper with 28 to 34 p. c. of zinc ; muntz metal, 60 copper 
to 40 zinc ; gun metal, 90 copper to 10 tin ; aluminium bronze, 
90 copper, 10 aluminium ; Austrian gun metal, remarkable for 
tenacity, copper 55*04 p. c, zinc 42*36, tin 8-3, iron 1*77. Bab- 
bit's antifriction metal, 24 each copper and tin, and 8 of anti- 
mony. 

Tests, — Ammonia throws down a blue precipitate, sol- 
uble in excess; Ferrocyanide of potassium a brown, and Hy- 
drosulphuric acid a black precipitate. 

329. Sulphate, Gujrri Sulphas, CuO,S03+5HO ; Blue 
vitriol. 

Prep, — May be obtained by boiling Cu in H0,S08; 
SOjis given off; Cu-f-2(HO,S03)=CuO,S03+S02+2HO. 
On the large scale, by roasting the native sulphide, or by 
dissolving copper scales (CuO) in H0,S03. 
21 * 
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Prop. — Bich, deep blue, oblique rhomboidal (5th sjs- 
tem) crystals, of a nauseous, styptic taste, soluble in 4 
parts cold and 2 of boiling water. When heated, it under- 
goes aqueous fusion, then dries and becomes white ; at a 
high temperature, is decomposed. 

Med. Effects. — In small doses, tonic, antispasmodic, and 
astringent ; in large doses, emetic ; externally, escharotic, 
and in solution astringent. 

In large doses, ^ss and more, an irritant poison, but not 
likely to be taken, on account of its taste. Antidotes: 
magnesia, albumen ; the same may be said of all the salts 
of copper. When copper vessels are used in preparing 
food, or when workmen are exposed to it, slow poisoning 
may also take place, giving rise to cramps, diarrhoea, and 
dysentery. 

Incompat. — Those of the soluble sulphates; metallic 
iron and zinc ; the alkalies and their carbonates. 

330. Cupri Suhacetas, Verdigris ; impure Subacetate of 
copper. 

Prep. — Is made by stratifying sheets of copper and 
refuse of grapes ; the alcohol in the husks becomes acetic 
acid, and unites with oxide of copper formed upon the 
plate. Its composition is variable; contains 3CuO,2C4 
H3O3+6HO, and 3CuO,C4H303+3HO. 

Prop. — Pale, greenish or blue masses composed of 
silky needles; soluble in ammonia, insoluble in alcohol, 
and decomposed by water into neutral acetate, CuO,C4H3 
O3, and trisacetatp, 3CuO,C4H803. 

Med. Effects. — Usod only externally as an escharotic 
and astringent ; internally, like the other salts of copper, 
is poisonous. 

331. Cuprum Ammomatum, Ammoniated copper. 
Prep. — Is made by rubbing (Sss) Cupri Sulphat. with 

gr ccclx (Svi) Ammon. Carb. until effervescence ceases. 
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Bent. — The composition of this compoand is not under- 
stood; probably a cupro-sulphate of ammonia, NH40,S03 
-fNHiOjCuO+HO, in which the oxide of copper acts the 
part of an acid. 

Prop. — A beautifnl, deep azure-blue salt, with a strong 
animoniacal odour, and styptic, metallic taste; is freely 
soluble in water; rapidly decomposes on exposure to 
the air. 

Med. Effects. — Tonic and antispasmodic. 

Incompat. — All acids; the alkalies and earths gener- 
ally, and their carbonates. 

332. Of the compounds of copper not used in medicine 
the following are the most important. The chloride, CuCl 
4-2HO, is soluble in alcohol, to the flame of which it com- 
municates a green colour. The oxychloride, 3(CiiO,HO) 
-f CuCl -f- HO, occurs native as a^acamite, and is known in 
commerce as Brunswick green. The carbonate occurs 
native as malachite, CuO,HO-f CuO,C02, and azunte, CuO, 
HO-f 2(CuO,C02); in commerce the same compounds, ar- 
tificially prepared, are known as green and blue verditer, 

ZINC, Zn=32-5. 

Syllabus. 

Metal, Zincum. 

Oxide, ZnO ; Zind Oxidum, Zinc white, Flowers of zinc; 
Ung. Zinci Oxidi. 

Chlorides, ZnCl; Zinci Ghloridum, Butter of Zinc; 
Burnett's disinfecting solution; Oxychloride, ZnCl,3ZnO 
+ 2H0. 

Carbonate; Zind Carhonas Prsecipitata, 8ZnO,3C02 
+ 6H0, Geratum Zinci Carbonatis. 

Sulphate, ZnO,S03-f 7H0; Zinci Sulphas, White Yit- 
riol 
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Acetate, ZnO,C4H803+2HO; Zinci Acetas. 
Valerianate, ZnO,CioH908; Zinci Valerianas. 

333. Sources, — The native sulphide, ZnS (blende) ; car- 
bonate, ZnO,C02 (calamine); and silicate, ZnO,Si03+HO 
(electric calamine). It is obtained by roasting and reduc- 
tion. 

Prop, — A bluish-white, rather hard metal; s. g. 6'8 ; of a 
peculiar odour when rubbed. Commercial zinc is somewhat 
brittle; between 212® and 300° it becomes malleable, above 
400° again brittle, and may be beaten into powder. Zinc 
may be conveniently granulated by holding above a pan of 
water a common broom thoroughly wetted, and pouring 
the molten metal over it. It melts at ttO®, and is volatile 
at a bright-red heat; if volatilised in the presence of air, it 
burns with a bright bluish-white flame and evolution of a 
cloud of ZnO (philosopher's wool). Exposed to air, it tar- 
nishes superficially, and the coating of oxide formed pro- 
tects in a measure the metal within ; acids corrode it 
rapidly. 

Ghsm, Bel. — Forms one oxide, ZnO, the salts of which 
are isomorphous with those of magnesia. Its salts are 
colourless and generally soluble. Test. NH^SjHS throws 
down a characteristic white sulphide of zinc, HS does so 
only in neutral solutions. 

Med. Effects. — The salts of zinc are tonic, antispas- 
modic, and astringent. 

334. Oxide, ZnO, Zind Oxidum. 

Prep. — On the large scale by burning zinc; a purer form 
is obtained by exposing the precipitated carbonate to a low 
red heat until HO and COg are expelled ; this is the offici- 
nal process. 

Prop. — A tasteless, inodorous, white powder, insoluble 
in menstrua except the acids and caustic alkalies. It 
becomes yellow when heated, but white again on cooling. 
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It is the zinc white of commerce used as a substitute for 
white lead, as being less liable to produce symptoms of 
metallic poisoning. Dose, gr ij to x. The Unguentum 
Zinci oxidi is made by rubbing up gj Zind Oxidi with 
§vi Adipis. Is used externally as a mild astringent. 

335. Chloride, ZnCl ; Zind Chloridum, Butter of Zinc. 

Prep. — By direct combination of its elements, or by the 
action of HCl on Zn=ZnCl+H. In the officinal process 
giiss of zinc is dissolved in Acid, muriat. q. s., the solution 
strained. Add. nitric, gr Ix added, and the whole evapo- 
rated to dryness. The dry mass is dissolved in f^v Aquas, 
and gr Ix Gretae Praeparatae added, the whole allowed to 
stand 24 hours. It is then filtered, evaporated to dryness, 
fused, poured upon a slab, and when solid broken into 
fragments which must be kept in a well-stopped bottle. 
The nitric acid and chalk are to get rid of iron, the for- 
mer produces a ferric salt which is mostly decomposed by 
heat, the chalk neutralises any excess of acid and precipi- 
tates a soluble salt of iron as carbonate. 

Prop. — A white deliquescent salt, wholly and freely 
soluble in water and alcohol. Burnett's disinfecting solu- 
tion contains gr cc to ^i, and has a s. g. of 2. It acts by 
absorbing HS and by preventing decay by coagulating 
albuminoid matters. ZnCl forms a series of double salts 
of which the double chloride of zinc and ammonium, ZnCl, 
NH4CI, is used in soldering to dissolve metallic oxides. 
Zinci Chloridum is used externally as an escharotic, or in 
dilute solution as an astringent. In large doses is an irri- 
tant poison ; antidotes^ soap, the alkaline carbonates. The 
oxychloride, ZnCl,3ZnO-f 2H0, is made by mixing a con- 
centrated solution of ZnCl with ZnO, recently prepared 
by burning zinc. It hardens rapidly, is used as a filling 
for decayed teeth, and as a cement generally. 
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336. Carbonate, Zinci Carhonas Praecipitata, 

Prep. — By mixing equal weights of Zinci Sulph. and 
Sodas Carb. dissolved in water, washing and drying the 
precipitate. 

Prop. — A smooth, white powder, which should be 
wholly dissolved with effervescence in dilute HO,SOs. Its 
composition is not constant, is a mixture of the carbonate 
and hydrate of the oxide, or a carbonate containing an 
excess of oxide, 8ZnO,3COa+6HO, or (ZnO,CO,+HO)+ 
2(ZnO,HO). Is used as a substitute for the native car- 
bonate Calamine, which is generally impure. Is used ex- 
ternally only. Ceratum Zinci Garbonatis, a substitute for 
the old Ceratum Galaminae, Turner's cerate, is made by 
mixing |ij Zinc. Carb. Prascip. with ^x Ung. Adipis. 
Resembles the Ung. Zinci Oxidi. The neutral carbonate 
ZnOjCOa occurs native as Calamine. 

337. Sulphate; Zinci Sulphas, White vitriol, ZnOjSOj 
+7H0. 

Prep. — By the action of dilute H0,S08 upon Zn= 
ZnO,S03+H. 

Prop, — Colourless, transparent, right rhombic crystals 
(3d system) much resembling epsom salt; has a slight acid 
reaction, is soluble in 2^ parts cold and less than its 
weight of boiling water ; taste styptic, astringent ; when 
heated, it undergoes aqueous fusion, becomes anhydrous, 
and finally loses its acid. 

Med. Effects. — Small doses, gr j to ij, tonic, astringent, 
antispasmodic ; in large, gr xxx, emetic ; in overdose, an 
irritant poison, rarely fatal, from its producing vomiting ; 
its eflfects are combated by mucilage and albumen. Exter- 
nally applied, is astringent and escharotic. 

Incompat. — The alkalies and alkaline earths, their car- 
bonates ; lead salts ; vegetable astringents. 
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338. Acetate, ZnO,C4H303+2HO; Zinci Acetas. 
Prep, — Plumb. Acetat. |xii is dissolved in Oijj Aq, 

DedillaL To this is added gix Zinci (granulated) and 
the whole shaken occasionally until the liquid does not 
yield a yellow precipitate upon the addition of KI (ab- 
sence of Pb). It is then filtered slightly, acidulated 
with acetic acid, and crystallised; PbO,C4H303+Zn=:ZnO, 
C4H303"*+Pb. Should the crystals be coloured, re-dissolve 

and add Zinci carb. praecip. until a portion evaporated 
yields colourless crystals. 

The use of the carbonate is to remove any iron. The acetate 
may be rapidly and conveniently prepared by saturating acetic 
acid, HOjCiHgOs, with the precipitated carbonate. It is often 
made extemporaneously by mixing in the same prescription 
solutions of ZnO,S08+7HO an(J PbO.C^HaOs-j-SHO. If equal 
weights are employed, the latter salt will be slightly in excess. 
The presence of insoluble sulphate of lead in this case must be 
borne in mind ; it may be useful in gonorrhoea, etc., but highly 
improper in a coUyrium. ZnO,S08+PbO,C4H308=ZnO,C4H803^ 
4.PbO,SO,. 

Prop. — In colourless, efflorescent, hexagonal (6th sys- 
tem) plates, very soluble in water, somewhat so in alcohol. 
Is only employed externally ; is a mild astringent. Is in- 
compatible with the mineral acids, the alkalies, earths, 
their carbonates, and the vegetable astringents. 

339. Valerianate; Zinci Valerianas, ZnO,C,oH903. 
Prep. — By double decomposition of Sodae Valeriana^, 

giiss and Zinci SulphaL |ij gr ccccxx, each dissolved in 
fgxx Aquas Destillat. and heated to the boiling-point be- 
fore admixture. ZnO,S03-f-NaO,CioH903=ZnO,C,oHA"* 
+!N'aO,S03->. By evaporation, the less soluble Zinci 
valerianas crystallises out first, and the evaporation may 
be continued until the liquid is but J^ of the original bulk 
The crystals are washed with cold, distilled water, to re- 
move any NaO,S03. 
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Prop. — In anhydrous, white, pearly scales, solable in 160 
parts cold water and 60 of alcohol of 0*833, having a faint 
odoar of valerianic acid, a metallic, styptic taste, and a 
slightly acid reaction. Used as an antispasmodic. Dose, 
gr i to ij in pill. Incompatiblea, those of the acetates. 

CADMIUM, Cd=:56. 

340. Sources. — Cadmium occurs associated with zinc 
in its ores, and being more volatile comes over with the 
first portions of the vapour of that metal when it is dis- 
tilled. The two are dissolved in excess of HCl. HS is 
passed through the solution, which precipitates only the 
C4 as an orange-yellow sulphide, CdS. From this the 
carbonate is readily obtained, and from the latter the 
metal. 

Prop, — Much resembles tin, but is more volatile, tena- 
cious, and heavier; when bent or twisted, has a cry like 
tin; 8. g. 8*7; melts at 440°, volatilises below a red heat, 
does not oxidise readily at ordinary temperatures. Forms 
a protoxide, CdO, which is a base forming colourless salts. 
The sulphide is used in pyrotechny, and the iodide (made 
by mixing I and Cd filings moistened) as a substitute for 
Pbl. The metal is oflScinal as Cadmium. — Test. NH4HS 
gives a yellow precipitate of CdS, insoluble in excess or in 
KG, HO or NH40,H0, and thus distinguished from the 
sulphide of arsenic. As, S3. 

341. Sulphate, Cadmii Sulphas, CdO,S03+4HO. 
Prep. — 3j Cadmii is acted upon by fgij Acid. Nitric. 

diluted with an equal bulk of distilled water, Cd3-|-4(HO, 
N05)=3(CdO,N06)+4HO-|-NO,. To the nitrate thus 
formed is added |iij Sodse Carb. dissolved in fgvi AqusR 
Destillat. CdO,N06+NaO,C02=CdO,COa-f NaO,NO<^. 

The precipitated carbonate is washed and treated with 
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Acid. Sulph. gr ccccxx, diluted with f^iv Aquse DestilkU. 
CdO,CO,-f HO,SOs=CdO,S03-f-HO + CO«. This appar- 
ently circuitous process is rendered necessary by the fact 
that HOjSOa does not readily act on Cd, but rapidly de- 
composes its carbonate. 

Prop. — In colourless, efflorescent, oblique rhomboidal 
prisms (5th system), freely soluble in water. Used ex- 
ternally as a lotion, gr ss to ij to 3j Aquse; or ointment, 
gr ij to §j, in ophthalmia and corneal specks. Is esteemed 
alterative, but is rarely used internally. 

BISMUTH, Bi=2ia 

342. Sources. — Occurs native and as oxide. 

Prop. — A brittle, crystalline, (rhombohedral, 6th sys- 
tem) metal, having a white colour with a reddish tinge, s. g. 
9*8, fuses at 507 and burns at a higher temperature, giving 
rise to yellow fumes, which on cooling become white BiO,. 

Ghem. Bel. — Forms BiOg, a feeble base, BiOg Bismuthic 
Acid, and Bi04, which is probably a compound oxide, 2Bi04 
fisBiOajBiOfi. The chloride BiCls may be made by direct 
combination, or by dissolving BiOgin 3HCl=BiCl8+3HO. 
It is a deliquescent solid (butter of bismuth) decomposed 
by water into oxy chloride and HCl ; a small quantity 

remains undecomposed. SBiCls -f- 6H0 = BiClg, 2 BiOs + 

6HC1_^. This precipitate, as well as the subnitrate, is sold 

as pearl powder and pearl white j and used as a cosmetic ; 

they both blacken by HS. The other important salts will 

be considered under the preparations. 

Alloys. — Bismuth and its alloys expand on cooling, and 

hence are adapted for taking casts. Fusible metal melts 

at 200, and contains 2 parts of Bi, one of Pb, and one of Sn; 

by the addition of €d and Hg, the fusing-point may be 

reduced still lower. Test. The salts of bismuth are de- 
22 
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composed by an excess of water, and the precipitates 
formed blackened by HS. 

343. Nitrates; Bismuthi SuhnUras, Bi03,N06. 

Prep. — When Bi in powder is acted upon by nitric acid, 
it dissolves with evolution of NO4. Bi+ 4(HO,N05)=:Bi03, 
3N Os-f 4H0 + NOj. When crystallised, this normal nitrate 
of bismuth contains 9 eq. of water of crystallisation. On 
the addition of water a white precipitate falls, the magistery 
of bismuth y pearl powder, etc. In this case the water acts 
as a base and displaces a portion of BiOg, leaving a pre- 
cipitated subnitrate and an acid supernitrate, 4(BiOs,3N05) 
=3(Bi03,N05) + Bi03,9N06-*. The composition of the 

precipitate is not constant. The commercial subnitrate 
frequently contains arsenic, and the new process, U. S. P., 
is designed to avoid this impurity, gij Bismuthi are 
submitted to the action of giv Acid. Nitric, diluted with 
Jiv Aqu8e Destillatee for 24 hours. The resulting BiOg, 
3NO5 is diluted with f^x Aq. Destillat., which is not 
enough to cause decomposition, but merely a slight turbid- 
ness. The solution is filtered, and to it is added a solution 
of Sodae Garb, ^x dissolved in fgxx Aquae Destillai. pre- 
viously filtered, and the whole stirred; the precipitate of 
carbonate of bismuth is thoroughly washed, and to it is 
added Jvi Acid. Nitric, and the whole heated nearly to the 
boiling-point, re-forming the nitrate; when cold, Aq. Des- 
tillat. is added until it begins to produce milkiness. It is 
then allowed to stand for 24 hours, and is filtered ; Oiv Aquas 
Best, is added and then f^vj Aquae Ammoniae with con- 
stant stirring. The precipitate is then washed and dried. 
The excess of NaO,C02 is used to retain any As, as arse- 
niate of soda; if any arseniate of bismuth be formed, it will 
be precipitated upon the addition of the small quantity of 
water to the nitrate. The use of NH40,H0 is to more 
completely precipitate the subnitrate. 
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Prop. — A heavy, white powder, of a feebly acid taste 
and reaction, insoluble in water even when carbonated. It 
should give no trace of As in Marsh's apparatus. See 
Absenic, 

Med. Effects. — Used in chronic affections of the stom- 
ach and bowels, as gastralgia and diarrhoea; externally, as 
a desiccating application to bums and ulcers, and sus- 
pended in water as an injection in gonorrhoea and leucor- 
rhoea. Dose, gr v to xxx. 

344. Carbonate; Bismuthi Subcarbonas, BiOgjCO,. 

Prep. — By preparing a normal nitrate with the pro- 
portions and precautions indicated in the last article, pre- 
cipitating with excess of ammonia, re-dissolving, as before, 
in dilute H0,N06, and precipitating with carbonate of 
soda in excess. 

Prop. — A white or yellowish-white, heavy powder, in- 
soluble in water or carbonic acid water, soluble in nitric 
acid with effervescence. Should give no indications of 
As with Marsh's test. Used in the same cases and doses 
as the subnitrate. 



LEAD, Pb=: 103-5. 

Syllabus. 

Oxide, PbO, Plumbi Oocidum, Litharge, Emplastram 
Plumbi. 

Iodide, Pbl, Plumbi lodidum. 

Carbonate, Plumbi Garbonas, White lead, PbO,C02,or 
2(PbO,C02)+PbO,HO; Unguentum Plumbi Garbonatis. 

Nitrate, PbO,NOs, Plumbi Nitras. Ledoyen's solu- 
tion contains gr Ix to f 3j Aquse. 

Acetates : Plumbi Acetas, PbO,C4H303+3HO ; Liquor 
Plumbi Subacetatis, Goulard's extract, 3PbO,C4HsOs ; Liq. 
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Plumb. Subacetat. diluius f^iij to Oj AqiLse, Lead water ; 
Ceratum Flumbi Subacetaiis, Goulard's cerate. 

345. Sources, — The native sulphide, PbS (Galena), and 
phosphate Pyromorphite, 3PbO,P05+PbCl, rarely the 
binoxide, PbOa, carbonate, PbO,CO„ sulphate, PbO,SOs. 
Obtained by roasting and reduction; the sulphide fre- 
quently contains an important percentage of silver. 

Prop. — A soft, bluish-white, malleable, imperfectly duc- 
tile metal, s. g. 11*45; melts at 620°, and becomes cov- 
ered with a coating of oxide, mostly protoxide PbO ; is 
brittle just below its melting point; soon tarnishes in 
moist air, from the formation of suboxide PbgO ? In pure 
water, lead becomes coated with scales of oxide, which 
dissolve and are again precipitated as insoluble oxycar- 
bonate (Brande and Taylor). The presence of alkalies, the 
nitrates and chlorides, as well as of CO2, increases the 
action of water upon lead ; it is diminished by carbonates, 
sulphates, and phosphates, especially of lime, which form 
a coating on the inside of the pipe or vessel protecting it; 
3XjVtf P^^ ^^ CaO,S03 will produce this effect. As all 
ordinary river-water contains these salts, lead cannot 
generally be detected in hydrant water, but may be found 
in mineral water, and in situations where the solder of 
the lead may be acted upon by acid or alkaline waters. 
It is removed by filtration through animal charcoal, or 
agitation with enough powdered chalk to make a liquid of 
a creamy consistence. 

CJiem. Bel. — Forms PbgO, suboxide; PbO, Pbs,Os, and 
PbOi, puce or brown oxide — plumbic acid ; also minium or 
red lead, an intermediate oxide PbgO^, or 2PbO,Pb02. PbO 
is obtained by direct oxidation, by precipitation as a 
hydrate, or by heating its carbonate. It is a powerful 
base resembling in some respects the alkalies, in which 
it is soluble; it is also slightly soluble in water; it readily 
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unites with silica and the earths and metallic oxides, form- 
ing fusible, vitreous bodies. It enters into the composition 
of flint glass. By exposing PbO to a temperature between 
570^ and 580°, it absorbs 0, and becomes of a brilliant 
red colour, forming minium or red lead, PbgO^. By the 
action of acids, this oxide yields proto-compounds, and 
PbOj is left ; the latter is a brown powder, readily giving 
up its 0, by action of heat or acids, in the form of ozone. 
The chloride PbCl is soluble in 135 parts cold and 33 of 
boiling water, and insoluble in alcohol. Other compounds 
will be considered under the preparations. 

• Tests. — HS and NH4S,HS give a black precipitate ; KI 
and K0,Cr08, a brilliant yellow ; HO, SO,, or the soluble 
sulphates, a white. 

Incompatihles, — The soluble chlorides, iodides, sul- 
phides ; the sulphates, the alkalies and their carbonates ; 
the vegetable astringents. 

Med. Effects. — The salts of lead are sedative and astrin- 
gent. In large doses, poisonous ; antidote^ the soluble 
sulphates or dilute sulphuric acid. Persons engaged in 
manufactures of lead are liable to lead colic and palsy. The 
best mode of prevention is frequent washing of the hands 
and body, the use of a sulphuric acid lemonade, and of 
milk. 

34T. Oxide, Plumbi Oxidum, Litharge, Massicot, PbO. 

Prep. — On the large scale, by exposing melted lead to 
a current of air. 

Prop. — Small, brilliant, red or yellow vitrified scales, 
fusing at a red heat. Slightly soluble in water ; saponi- 
fies with oils. Absorbs CO2 by exposure to the air. Is 
readily dissolved in dilute HOjNOg. Is largely employed 
in the arts, in painting, etc. Is not used as medicine, but 
enters into other officinal compounds, as Emp. Plumbi^ 
lead planter; which is made by boiling together Litharge 

^xxx, Olive Oil glvi, and Water q. s. 
22 * 
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348. Iodide, Plumbi lodidum, Pbl. 

Prep, — By double decomposition of Plumbi Nilrai. Jiv 
dissolved in Oiss Aquse Destillai., and Potass, lodid, §iy 
in Aquae Destillat. Oss. The precipitate is washed and 
dried as usual; PbO,N05+KI=:PbI-i-KO,N06_^. 

Prop, — A bright yellow, heavy, inodorous powder, 
fusible and volatilised by heat, soluble in 1235 parts cold 
and 194 of boiling water. The boiling solution on cooling 
deposits the salt in brilliant golden-yellow scales. Is used 
externally only, in ointment. 

349. Nitrate, PlumU Nitras, PbO,N05. 

Prep. — By dissolving Litharge in dilute H0,N06; 
when crystallised, is in the form of white, nearly opaque, 
regular octohedra (1st system) ; soluble in water and alco- 
hol, and having a sweetish, astringent taste. 

Uses, — Is never used internally ; rarely externally. It 
is employed as a deodoriser. Ledoyari^s JDisinfecting 
Solution contains gr Ix to 3j water. It acts by absorbing 
HS, giving rise to PbS. 

350. Carbonate, Plumbi Oarfeonas, White lead, PbO,COa, 
or 2(PbO,C02)+PbO,HO. 

Prep, — On the large scale, by exposing metallic lead to 
the action of vapour of vinegar in a hot-bed. A subace- 
tate, 3PbO,C4H303, is formed, which becomes carbonate by 
absorption of COa, liberating the acetic acid, which acts 
on a fresh portion of metallic lead. 

Prop, — Fine, white, heavy, opaque, inodorous, nearly 
tasteless, insoluble powder. Dissolves freely in acids, 
with evolution of CO2. 

Med. Effects. — Is highly poisonous; cases of acute poi 
soning are rare. The alkaline sulphates, generally em- 
ployed as antidotes, are of little use ; dilute HO,SOs, or 
Acid. Sulph. Arom., with emetics and purgatives, should 
be used. It is the salt which most commonly causes lead 



CHEMISTRY OP THE ELEMENTS. 259 

colic and palsy. It is used externally only, as a sedative 
astringent. 

Unguentum Flumbi Garbonatis, Prep. — By rubbing 
up gij Plumb. Carb. and Ung. Simp. Ibj ; first softening 
the latter by heat 

351. Acetates. 

Plumbi AcetaSy Sugar of Lead, PbO,C4H30s+3HO. 

Prep. — Is prepared, on the large scale, by the action of 
acetic acid on lead plates frequently exposed to the air, 
or by dissolving litharge in the acid. 

Prop. — White crystals (4th system), of a sweetish, as- 
tringent taste, and slightly eflSorescent. Soluble in 1^ parts 
cold water ; the solution is turbid, on account of the for- 
mation of carbonate, from the presence of carbonic acid in 
ordinary water. Is sedative and astringent. Dose, gr v. 
In overdose, a poison ; antidote, the soluble sulphates. 

Liquor Plumbi SubacetatiHy Goulard's extract. 

Prep. — Is made by boiling together, Plumbi Acetat. 
3xvj, Plumb. Oxid. Semivit. pulv. subtil. ,?ixss, and Aq. 
Destill. Oiv, for half an hour; adding water to keep 
up the quantity, and filtering. The s. g. of the solution 
is 1'26'ir. In this case an additional quantity of PbO is 
given to the acetate, forming 3PbO,A (trisacetate), or 
2PbO,A (diacetatfe). The liquid has a sweetish, astrin- 
gent taste, and absorbs CO2 with great avidity, becoming 
turbid ; hence should be kept in well-stopped bottles ; it 
forms a dense white precipitate with a solution of gum. 

Med. Effects. — Used only externally ; is more poison- 
ous than the acetate. Antidotes the same. 

Liquor Plumbi Subacetatis Dilutus, Lead Water. 

Prep. — Is made by diluting the last preparation, f^iij 
to Oj. It is turbid when first made, but if kept well- 
stopped, becomes clear, by the subsidence of the carbonate. 

Ceratum Plumbi Subacetatis, Goulard's cerate. 
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^ Fre'p. — 3iv Gerse Albee is melted with gvii OLOliva^; 
the mixture is then removed from its fire, and when it 
begins to thicken, fgiiss Liq. Plumb. Subacetat. is stirred 
in with a wooden spatula until it becomes cool ; to this is 
added gr xxx Camphor as dissolved in 3j OL Olivae. It 
does not keep well. 

TIN, Sn=59. 

352. Sources. — The native oxide SnOe ; is obtained by 
reduction. 

Prop. — A silvery white, malleable, slightly ductile metal, 
fusible at 442°, volatile at a white heat, s. g. T*28. It 
emits a peculiar odour when heated or rubbed ; when bent, 
crackles, the cry of tin ; does not oxidise at ordinary tem- 
peratures, but when melted becomes first SnO, and finally 
SnOj. Burns in the flame of the compound blowpipe. 
Tin foil is usually adulterated largely with lead. Tin 
plate is iron coated with tin, which, being electro-negative 
to the former, causes rapid oxidation when the surface is 
abraded (165). Tin is not readily acted upon by chemical 
agents. 

Ghem. Bel. — Forms three oxides: SnO, a feeble base; 
SuzOs, unimportant ; and Sn02, Stannic acid. SnO is formed 
by direct oxidation (putty powder), or as a hydrate by 
precipitation by the alkalies or their carbonates from the 
chloride SnCl; the latter is soluble in dilute acids and 
in caustic potassa or soda. Sn02, made by precipitation 
from SnClii, by alkalies or their carbonates, forms salts with 
the alkalies of which the stannate of soda, NaO,Sn02+ 
4H0, is used as a mordant (299). It is also soluble in 
acids. The stannic acid obtained by the action of dilute 
H0,N05 upon tin differs in some important respects from 
stannic acid obtained by precipitation ; it has been termed 
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metastannic acid; its salts are not crjstallisable. Tin 
forms SnS, SnjSa, and SnSg ; the latter is known as aurum 
miLSWumf or mosaic gold ; it is only soluble in Aqua Begia, 
and has a golden lustre ; s. g. 4*5. Is used as a bronzing 
powder. The protochloride SnCl may be made by the 
action of HCl upon Sn ; it easily decomposes ; is a power- 
ful reducing agent, used to remove ink spots, as a mordant, 
and as a test for HgCl, from which it precipitates Hg in 
a finely divided state. SnCl2, made by the action of Aqua 
Regia on tin, is a colourless, fuming liquid, used as a mor- 
dant. Tests. Corrosive sublimate, HgCl, gives with the 
protochloride a gray precipitate of metallic mercury ; chlo- 
ride of gold, AuCla, a rich purple ; the bichloride is precipi- 
tated of a dingy yellow colour by NH4S,HS, soluble in 
excess. The oxysalts of tin are rarely met with. 

Med. Effects. — Powdered tin is used as an anthelmintic, 
and was formerly officinal as Pulvis Stanni. The chlo- 
rides are poisonous; antidotes, albumen, milk, or flour paste. 

ARSENIC, As=75. 

353. Sources. — This element is widely diflTused, occur- 
ring generally combined with the sulphides of the metals, 
as those of iron, copper, nickel, cobalt, and zinc ; also as 
the native sulphides. Realgar, AsSg, and Orpiment, AsSg; 
it is present in many natural waters. When its ores are 
heated, arsenious acid, AsOg, is formed, from which the 
metal is readily obtained by reduction. 

Prop. — A steel-gray, brittle, crystalline rhombobedral 
(6th system) metal, s. g! 515 ; has a brilliant lustre when 
freshly broken, but speedily tarnishes and in moist air falls 
to a brownish powder (suboxide ?) ; it volatilises at 400° 
without fusion, unless under pressure ; the density of its 
vapour is 10390 ; if air be present, white fumes of AsOg 
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are formed during its volatilisation, and a garlicky odour 
is exhaled. 

Chem, Bel. — Is more electro-negative than H, and forms 
a member of a natural group with N, P, and Sb ; does not 
form a base with any of the amphigens, and is only placed 
among the metals on account of its metallic lustre, insolu- 
bility, and power of conducting electricity. With O it 
forms an undetermined suboxide, arsenious acid, AsOs, and 
arsenic acid, AsOg. Arsenic acid is made by the action 
of H0,N06 on AsOg ; it is freely soluble in water ; of a 
sharp, acid taste, highly poisonous, and gives a brick-red 
precipitate with ammonio-nitrate of silver. Like PO5, it 
is tribasic (2CuO,HO,A806, arseniate of copper), but no 
compounds corresponding to the pyro and meta-phosphates 
are known. It is largely employed in the manufacture of 
aniline colours and in preserving skins of animals. With 
H, As forms three compounds corresponding to P2H, PHg, 
and PH3 ; the latter, AsHg, arsenetted hydrogen^ is formed 
by the union of its constituents in the nascent state (143). 
It is a colourless gas of a highly offensive odour ; very 
poisonous ; s. g. 2695 ; liquid at — 40° ; is decomposed into 
its constituents at a red heat. When burned, arsenious 
acid, AsOs, and water are formed ; when the combustion 
is incomplete, metallic As is deposited. 

With S, As forms ASS2, Realgar, a red solid, and Orpi- 
mentf AsSa, King's yellow, Sulpharsenious acid ; both are 
used as paints and in fireworks ; they are sulphur acids. 
AsSs, SulpharseniG acid, is also known. With CI, As 
forms the volatile AsClg, which below 270° is liquid, but 
is not known as a solid ; it is sometimes used in medicine. 
AsCls is unknown ; Aslg is the officinal iodide. The 
metal is officinal as Arsenicum, 



CHEMISTRY OF THE ELEMENTS. 263 

Med. Effects. — The preparations of As are tonic, anti- 
periodic, antispasmodic, and alterative. 

354. Oxide, Acidum Arseniosurriy AsOg, White Arsenic, 
Arsenic, Rats-bane. Sublimed Arsenious Acid, in masses, 
TJ. S. P. It is obtained, on the large scale, by roasting 
the ores which contain the metal ; after which it is puri- 
fied by sublimation. » 

Frop. — Is found in two distinct varieties : 1. The trans- 
parent or vitreous variety is an amorphous, colourless 
glass ; s. g. 3*2 to 3*8. Is more soluble than the opaque 
variety, into which it gradually passes upon exposure to 
the air. 2. The opaque variety crystallises in regular oc- 
tohedra (1st system), or very rarely in right rhombic 
prisms (3d system), of a milk-white colour, slightly heavier 
than the transparent, into which it passes by long boiling. 
Arsenious acid is tasteless and inodorous ; it dissolves spar- 
ingly in cold water, 1 part dissolving in from 50 to 480 
parts of water. In boiling water, both varieties are equally 
soluble, 1 part dissolving in from 1*12 to 24 parts. The 
boiling solution deposits the greater part upon cooling, but 
retains more than if the acid were simply added to cold 
water — about 1 in 30. The solution is tasteless. The 
solid acid sublimes at 425°, giving no garlicky odour, un- 
less in the presence of reducing agents ; it condenses on a 
cold surface, in crystals. 

Adulterations. — When in powder, arsenious acid may 
be adulterated with chalk or flour. It should be entirely 
sublimed by heat. 

Med. Effects. — Those of the preparations of arsenic 
generally. Dose, gr -}^ to j\, in pill or solution. Exter- 
nally, escharotic when the skin is broken ; there is danger 
of its absorption when thus used. 

Toxicological Effects. — Depend upon the quantity; in 
large doses, the symptoms are those due to a violent irri- 
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tant, ana vary in different cases, the nervous system being 
often affected ; they appear in from one minute to ten hours ; 
death ensues, in fatal cases, in from 2^ hours to T days ; 
the minimum quantity necessary to destroy life at a single 
dose is two grains ; cases have recovered after taking an 
ounce. Po6t*mortem examination reveals inflammation 
and ulceration of the stomach and intestines. In 
small doses long continued, or after large doses from 
which death has not resulted, there is irritation and itch- 
ing of the eyes and eyelids; conjunctivitis, oedema, irrita- 
bility of the stomach, eczematous eruption, desquamation 
of the cuticle, loss of the hair, emaciation, salivation, and 
paralysis. The symptoms have been mistaken for those 
of cholera, perforation of the intestine, gastritis, etc. 

It iti now a well-established fact that there exists in Styria a 
class of arsenic-eaiera who consume arsenious acid regularly and 
in quantities usually considered sufficient to produce death. It 
is known as Hidrach. A well-authenticatea case is given in 
which a man of 30 years of age ate on one day 4^ grains at once, 
and on the next day 5^; arsenic was found in the urine, but no 
ill effects were perceived.* 

Antidotes. — 1. Hydrated Sesquioxide of Iron (Ferric 
hydrate) ; it should be freshly precipitated and freely given, 
a tablespoonful of the magma every 5 or 10 minutes, until 
the urgent symptoms are relieved; it acts, by giving a por- 
tion of O to the arsenious acid, converting it into Arsenic 
acid, which forms an insoluble basic compound with the 
protoxide of iron, 2Fe208+As03=4FeO,As06. 

2. In the absence of this, Ferri Subcarb. may be given, 
but is often inert, from having been overheated. 

3. Magnesia, recently precipitated, or recently and not 
too highly calcined, has been found eflScient. 

355. Tests. — (a) When solid. 1. Heat to redness in a 

* Dn. n. B. RoscOB, Trav9. Ifancheater Literary aud Philft*. Soe.j Out 
30, 1860. 
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glass tube, closed at one end, with fragments of charcoal, 
or powdered and dried, KaCfy; the AsOa is reduced, the 
metallic arsenic sublimed, and forms the arsenical mirror 
or ring in the tube at some distance from the flame. By 
breaking the tube, and allowing free access of air, the 
metal is oxidised again into AsOs, and may be submitted 
to other tests; the octohedral crystals of AsOa.may be 
seen in the second sublimate; the mirror must, be distin- 
guished from that produced by antimony, which is always 
deposited just beyond the red-hot part of the tube (see 
Test 6). 

2. ArsenioTts Acid thrown upon live coals or other 
reducing agents, exhales a peculiar garlicky odour, which 
is not perceived when it is sublimed from a clean surface ; 
it is probably due to the formation of suboxide. 

(6) In solution. 3. Ammonio-Nitrate of Silver gives a 
rich yellow precipitate of arsenite of silver, SAgOjAsOg, 
soluble in excess of ammonia, and in nitric, tartaric, acetic, 
and citric acid, but not in caustic potassa or soda. A solu- 
tion of an alkaline phosphate precipitates yellow with 
nitrate of silver, and a dilute solution of phosphoric acid 
with the ammonio nitrate. These are discriminated by 
the application of the other tests. 

4. Ammonio-Sulphate of Copper gives a brilliant yel- 
lowish-green precipitate of arsenite of copper (Scheele's 
Green, 2CuO,As03), soluble in acids and in excess of am- 
monia, but not in potassa or soda ; acetic and malic acids 
give also green precipitates with the ammonio-sulphate 
of copper, as do certain complex organic mixtures 
(Taylor). 

5. Hydrosulphuric Acid, HS, gives a golden-yellow 
precipitate (orpiment, AsSa), soluble in alkalies; the solu- 
tion should be therefore slightly acidulated by acetic 

acid before trial ; other metals (antimony, tin, uranium) 
23 
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give somewhat similar precipitates ; they are distinguished 
by their behaviour with the other tests. 

6. Marsh's Test. Add the suspected liquid to pure 
zinc, and dilute HOjSOa; a little alcohol is useful to 
check frothing. Arsenetted hydrogen (AsHg) is gener- 
ated, which may be known by its odour, its violet-coloured 
flame, and by the metallic stain deposited upon a cold, 
white surface ; or the gas may be passed through a long 
tube drawn out, heated at its centre ; the metal deposits 
as in the reduction test, and may be further examined ; or 
the gas may be passed into a solution of AgO,N05, 
metallic silver precipitates and As03+HO,N06 remain; 
6(AgO,N05) + AsH3 + 3HO = Ag6 + A80^, and 6(H0, 

NOg)^. The utmost care is necessary to avoid inhaling 
the gas. It may be absorbed by a solution of nitrate of 
silver, or by fuming nitric acid. 

Antimonetted Hydrogen, SbHg?, gives similar spots 
from the reduction of the metal ; they may be dis- 
tinguished, 1. By nitric acid, which converts the metallic 
arsenic into AsOg, which is soluble and gives a brick-red 
precipitate with ammonio-nitrate of silver, while antimony 
is converted into insoluble antimonic acid. 2. The spot 
is heated to 500° by an oil-bath ; if arsenic, it disappears ; 
if antimony, it remains. 3. Hypochlorite of Soda dis- 
solves arsenical spots, but does not affect those of anti- 
mony. 4. Tincture of Iodine instantly dissolves arsenic 
spots, leaving, on spontaneous evaporation, a lemon-yellow 
spot. Antimony is not immediately altered on evapora- 
tion ; is converted after a time into orange-coloured iodide. 
5. Vapour of Phosphorous Acid (PO3) causes the dis- 
appearance of As spots in 4 or 5 hours ; Sb spots remain 
a fortnight, but finally disappear. 

1. Reinsch's Test. A bright slip of copper, or fine cop- 
per gauze, is boiled in the suspected solution, previously 
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acidulated with HCI. The metal precipitates upon the cop- 
per, forming an alloy, from which it may be volatilised, 
forming distinct (microscopic) octohedral crystals of AsO,, 
and submitted to other tests. This process has these ad- 
vantages : 1. It will act in the presence of organic matter ; 
2. It gives tb% metal in condition to be submitted to all the 
other tests. The reaction is prevented for a time by the 
presence of a nitrate or a chlorate. 

Ammonio-nitrate of silver gives a perfectly distinct re- 
action with the jjiijijs of a grain of AsOj in one drop of 
distilled water. The Ammonio-sulphate of copper with 
the sjjjiji of a grain in a similar quantity of water. Sul- 
pljuretted hydrogen with the ^^'^j^j of a grain in ten grains 
of the liquid. Marsh's Test the ^^i^^^iiu 100 grains of 
liquid, and Reinsch's Test the ^gj^j^ a distinct crystal- 
line sublimate being obtained.* 

Although Marsh's test is generally considered the most 
delicate, yet from the comparatively large quantity of 
liquid required it is really less so than that of Reinsch, which 
is practically the best mode of proceeding. The credit of 
introducing this test is due to Dr. A. S. Taylor. 

Remarks, — The wide diffusion of As, which is often found in 
commercial zinc, sulphuric acid, muriatic acid, and copper, ren- 
ders it necessary that the reagents should be themselves carefully 
tested before using. Organic matter renders the liquid tests 
almost valueless, and causes so much frothing in Marsh's appa- 
ratus as to seriously interfere with its use. The best process 
for its separation is that of Taylor. The dried suspected matter 
is mixed with pure dilute HCI and distilled to dryness into a 
cooled receiver containing distilled water, and if necessary re- 
distilled. The distillate contains AsCU and free HCI ; it may be 
diluted, and, by Marsh's or Reinsch's test, the As obtained in a 
convenient form for further investigation. AsOa may be sepa- 
rated from the contents of a stomach by dialysis; the organ 
itself serving as a dialyser (128). It is important to estimate the 
quanfitv present, as arsenic is given medicinally, and is some- 

* * Wormley, Micro- Chemistry of Poisons. 
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times found in paper, candles, potable waters, etc. This is best 
done by precipitating a given portion of the suspected liquid by HS, 
redissolving in Ammonia, and reprecinitating, washing, drying, 
and weighing 124 grains of AsS8=100 grains AsOs. It is a re* 
markable fact that there exists a compound freely soluble in 
water, which contains over 50 p. c. of arsenic, yet which is not 
poisonous, Kakodylic Acid, (CJIsA8)08,HO.) 

Arsenites. 

356. Liquor Potassae Arsenitis, Fowler's solution. 

Frep. — Boil in f^xii Aquae Destillat, gr Ixiv each of 
Acid, arsenios. in small pieces, and Potass, bicarb, until 
the former is entirely dissolved; then add f^ss Spirit. 
Lavand. Co. and Aquae Destillat. q. s. to make Oj. The 
solution probably contains 2KO,As03. The Spirit of 
lavender is added to give colour and taste, but decom- 
poses and gives rise to a sediment ; hence when in care- 
ful hands it may be replaced by an equal quantity of dis- 
tilled water. The solution is then without colour and 
almost tasteless, its reaction is alkaline. Fowler's solu- 
tion is the preparation of arsenic most usually prescribed ; 
it contains gr iv Potassae Arsenitis to fg j. Dose, gtt v to 
XX. Antidote, the ferric salts ; the ferric hydrate is useless. 
Arsenites of Copper. Scheele^s green^ 2CuO,As08, and 
Schwein/urth or emerald green ; Aceto-arsenite of Copper; 
2CuO,AsOs+CuO,C4H308. These two compounds are 
largely used in the arts on account of their brilliant colour; 
wall-paper, artificial flowers and wreaths are coloured 
with the latter ; the former has even been used in colour- 
ing toys and confectionery. Cases of death from their 
use in this way are recorded. The following is a simple 
test : Immerse the paper or other body in solution of am- 
monia, a deep blue liquid will be formed ; pour a portion 
of this upon some crystals of AgOjNOs in a porcelain 
capsule, the presence of AsOg will be indicated by a yel- 
low tinge on their surface. Paris green is a mixture of 
Schweinfurth green with carbonate of copper. 
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35T. Iodide of Arsenic^ Arsenici lodidum, Asl^. Is 
made by gently heating together gr Ix of powdered metal- 
lic Arsenic and gr ccc of Iodine. It is an orange-red, crys- 
talline solid, insoluble in water, and wholly volatilised by 
heat. Its only use is in the preparation of Donovan's 
solution. Liq. Arsenici et Sydrargyri lodidi (36T). 



ANTIMONY, Sb=122. 

358. Sources. — The native sulphide SbS,; is obtained 
by roasting and reduction. 

Prop. — A brittle metal, s. g. 6*8, crystallising in rhora- 
bohedra (6th system), fusing at 1150°, and volatile at a 
white heat ; burns with a brilliant white flame, forming 
SbOg. Does not oxidise in the air ; is attacked and dis- 
solved by hot HCl and cold Aqua regia; nitric acid 
oxidises it to antimonic acid, 4HO,Sb06, which is insoluble 
in that menstruum. 

Chem. Bel. — Resembles As in most of its compounds. 
Its oxides are : SbOg, a feeble base, forming salts with Tar- 
taric acid only ; SbOj, antimonic acid ; and an intermediate 
oxide, Sb04, or Sb03,Sb05. With H, it forms SbHs, re- 
sembling closely AsHg, which, when passed into a solution 
of AgOjNOg, throws down solid antimonide of silver, Ag^ 
Sb; SbH3+3(AgO,N05)=AgSb3+3(HO,N05)-> Forms 

two' sulphides, SbSa and SbSg, which are soluble in alkaline 
solutions. The terchloride SbCU and pentachloride SbClj 
are decomposed by excess of water. 

Tests. — Its few soluble compounds give an orange-red 
precipitate with HS, soluble in HCl, which solution is de- 
composed by water, affording a white precipitate of oxy- 
rhloride, 2Sb03,SbCl3-f-HO, which is coloured orange by 
NH4S,HS. It may also be submitted to Marsh's and 
23* 
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Reinsch's tests, after the manner of arsenic. In the for- 
mer case, a portion of metallic antimony is precipitated 
by the zinc in the form of a black powder ; in the latter, 
the Sb may be dissolved from the copper by boiling KO, 
HO, the solution acidulated by Tartaric acid, and the char- 
acteristic reactions obtained. In cases of poisoning it 
may, if absent from the stomach, be detected sometimes 
in the urine and tissues. 

359. Oxide, Antimonii Oxidumy SbOs. 

Prep. — Antimonii Sulphuret. (SbSg) in fine powder §iv 
is dissolved by the aid of heat in gxviii of Acid. Muriat,\ 
HS is evolved; SbSs+3HCl=SbClr*^4- SHS^. To the 
chloride thus formed, §j gr cxx Acid, Nitric, is added, to 
decompose any remaining HS. It is then diluted with Oss 
AqusR and filtered. This quantity of water is insuflicient to 
cause decomposition. The filtrate is then thrown into Oxii 
Aquse and stirred, the precipitate allowed to subside, strained 
and washed. It is the oxyc\\\ov\^q Powder of Algarothy 
2Sb05,SbCls+ HO. This is treated for two hours with f g iss 
Aquae Ammoniae, which converts the terchloride into ter- 
oxide. This is washed with distilled water until the wash- 
ings no longer give a precipitate with AgOjNOg (absence 
of SbCls or of NH4CI). 

Prop. — A grayish-white powder, insoluble in HO, solu- 
ble in HCl and Tartaric acid, 2HO,C8H40io. It fuses at a 
dull red heat, forming a yellowish liquid, which concretes 
on cooling into a pearl-coloured crystalline mass. Its 
solution in Tartaric acid should give no precipitate with 
AgO,N05 (absence of chlorides), or KgCfy (absence of iron, 
copper, etc.). Is used in the preparation of Tartar emetic, 

360. Sulphides, Antimonii Sulphuretum, SbS,; Native 
Tersulphuret (tersulphide) of Antimony, purified by fusion. 
U. S. P. 

Prop. — A metallic-looking, st^^el-gray, fibrous, brittle. 
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fusible substance ; soluble in HCl with evolution of HS, 
and in alkalies and their carbonates. The orange-red pre- 
cipitate obtained by the action of HS upon a solution of 
SbOa has the same constitution, but is probably amorphous. 
The tersulphide is rarely, if ever, employed in medicine. 

Aniimonii Oxy sulphur eturriy Kermes mineral. 

Frep, — Dissolve §xxiii Sodae carb. in Oxvi Aquse 
bullientis; to this add 3j Antimonii Sulphuret, pulv. 
subtillis.f and boil for an hour ; filter quickly into a warm 
earthen vessel, which allow to cool slowly ; at the end of 
24 hours drain the precipitate and wash it with cold, boiled 
water ; dry without the aid of heat. The reaction here is 
somewhat obscure. SbSg, boiled with NaO, C O2, forms some 
NaS and SbOs ; the former dissolves a fresh portion of 
SbSs, and the latter is dissolved by the remaining NaO,C02. 
When the liquid cools, the tersulphide SbSg, and teroxid^ 
SbOs, precipitate together, forming the Kermes mineral. 

Prop. — A purplish-brown, tasteless powder, soft and 
velvety to the touch, freely soluble in HCl with evolution 
of HS ; partially (SbSg) soluble in hot KO,HO, leaving 
a residue (SbOs) soluble in Tartaric acid. Is sometimes 
used as a nauseant and diaphoretic and alterative. Dose, 
gr j to X. 

Antimonium SuIphurcUum, Precipitated Sulphuret (Sul- 
phide) of Antimony. "^ 

Prep. — By dissolving Jvi Antim. Sulphuret, pulv, 
subtillis. in Oiv Liquor Potassx, adding Aqux Destillat, 
q. s. during the boiling (2 hours) to keep up the measure; 
the hot liquid is rapidly sti'ained through a double mus- 
lin strainer, and, while yet hot, Acid, Sulph, dilut. is 
gradually dropped in as long as a precipitate falls This 
is washed with hot water. The product is a variable 
mixture of Kermes mineral with pentasulphide of anti- 
mony, SbSs, {Sulphur auralum, Golden sulphur). 
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Prop. — A reddish-brown powder, insoluble in HO, but 
partly soluble in HCl by the aid of heat, leaving a residue 
of sulphur. Its medical effects are those of Kermes, but it 
is weaker ; dose, gr ij to xx. Plummer's Pills, Pil. Anti- 
monii comp., contain each Antim. Sulphurat.y Hydrarg, 
Chlorid.j mit. aa gr ss with Guaici, Syrupi Fusci aa gr j. 

361. Taxtrate, Antimonii et Potassae Tartras, KOjSbOa, 
CsH^Oio-fSHO. 

Prep. — By boiling Antimonii Oxid. pulv. suhtillis. ^ij, 
Potassse Bitart. pulv. suhtillis Sijss in Aqua Destillata 
f 5xviii, evaporating and crystallising. KO,HO,C8H40io+ 
SbOgsKOjSbOajCgH^Oio. Tartaric acid is bibasic ; in cream 
of tartar, one equivalent of water represents a base and is 
replaced by SbOg. 

Prop. — Transparent, colourless, efflorescent, rhombic 
-octohedra (3d system), of a nauseous, styptic, metallic 
taste, soluble in 20 parts cold and 3 of boiling water. The 
aqueous solution has a slight acid reaction and slowly de- 
composes by keeping ; this may be prevented by the addi- 
tion of \ of alcohol. A dilute solution is not precipitated 
by BaCl or AgO.NOs (absence of sulphates and chlorides), 
nor by KaCfy, absence of Fe, Cu, Pb, etc. A solution of 
1 part to 40 of water is not disturbed by an equal volume 
of a solution of 8 parts of PbO,C4H303 in 32 of HO and 15 
of Acid, acetic, (absence of cream of tartar). 

Med. Effects. — In large doses, an irritant poison; anti 
dote, the vegetable astringents (green tea, tannic acid). In 
moderate doses, gr j to ij, emetic ; gr ^^ to i, nauseant and 
diaphoretic. The Vinuni Antimonii contains gr ij to f^ j 
Vini Xerici (sherry wine), and is objectionable in some 
cases from the alcohol present. 

Incompatibles. — The mineral acids, the alkalies and 
their carbonates, vegetable astringents. When it is de- 
sired to add it to a saline purge, the Potassse et Sodae 



CHEMISTRY OF THE ELEMENTS. 2T3 

Tartras is the best. It is used externally to produce pus- 
tulation ; the Ung. Antimonii contains gr cxx to 3 j Adipis; 
the Emplastrum Antimonii contains gj to ^iv Picis 
Burgundicae. 

362. Cerium, Ce=46, is a metal occurring in certain rare 
minerals. It forms a protoxide and sesquioxide. The 
salts of the former are colourless, of the latter red. The 
oxalate of the protoxide is used in sea-sickness and the 
vomiting of pregnancy. 



MERCURY (Hydrargyrum), Hg=100. 

Syllabus. 

As Metal : (a) Hydrargyrum ; (b) Filulae Hydrargyri 
(blue pills) ; (c) Ung. Eydrargyri (blue ointment) ; (d) 
Emplastrum Hydrargyri ; {e) Emplastrum Ammoniaci 
cum Hydrargyro ; (/) Hydrargyrum cum Greta. 

Oxide: Hydrargyri Oxidum i?u6rwm, HgO, (red pre- 
cipitate) ; Ung. Hydrargyri Oxidi Bubri. 

Sulphide: Hydrargyri Sulphuretum Bubrum, HgS, 
(Cinnabar, Vermilion). 

Chlorides : 

(a) Hydrargyri Chloridum mite, HgjCl, Calomel. 

(6) Hydrargyri Chloridum corrosivum, HgCl, Corro- 
sive Sublimate. 

(c) Hydrargyrum Ammoniatum, HgCl,HgNH2, Chlor- 
amide of mercury. White precipitate. 

(d) Ung. Hydrarg. Ammoniati. 
Iodides : 

(a) Hydrargyri lodidum Viride, HgjI. 

(b) Hydrargyri lodidum Bubrum, Hgl. 

(c) Liquor Arsenici et Hydrargyri lodidi, contains 
AsIs,HgI, Donovan*s solution 
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CrANiDE : Hydrargyri Gyaniduniy HgCy, Fulminate, 
2Hg20,Cy202, Percussion powder. 

Nitrates : 

Liquor Hydrargyri Nitratis^ HgO;N06, with excess of 
H0,N06. 

Unguentum Hydrargyri Nitratis, Citrine ointment. 

Sulphates: HggOjSOs; HgO,S03. 

Subsulphate, Hydrargyri Sulphas flava, 3HgO,SOa, 
Turpeth mineral. 

363. Sources. — The native sulphide Cinnabar j from 
which it is obtained by distilling with lime or iron filings. 

Prop. — When pure, is a brilliant, silvery liquid, with- 
out taste or smell ; s. g. 13-6 ; when finely divided, as in 
blue mass or precipitated mercury, is grayish and dull. At 
common temperatures, is unchanged in the air ; heated 
above 600°, it slowly absorbs 0, and becomes converted in 
red, HgO ; at a higher heat, this is again resolved into Hg 
and O. It boils at 662°, and freezes at — 39°, shrinking, 
and forming a lead-like solid. Commercial mercury con- 
tains other metals, as lead, tin, bismuth ; it then tarnishes, 
and the globules are imperfect, having tails. It may be 
partially purified by the action of dilute H0,N05, FejCls, 
or HgCl, or by distillation. When required absolutely 
pure, it must be distilled from the sulphide. 

Chem. Eel. — Mercury forms alloys with the metals gen- 
erally termed amalgams. That with tin is used for coat- 
ing looking-glasses ; those with silver and gold, for fire- 
gilding and plating. It is also used to obtain the latter 
metals from their crushed matrices when they are in too 
small quantity to be separated by washing. It forms two 
sets of binary compounds, one containing two eq. of Hg to 
one of an electro-negative element ; the other, one eq. of 
each. . The latter proto-compounds are more energetic in 
their effects, and of brighter colour, than the former. The 
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dioxide, HgaO (black or gray oxide), is obtained by pre- 
cipitating calomel with lime water (^ij to Oj, forming the 
black wash), HggCl + CaO,HO = Hg,0, f CaCU + HO^. 

It forms a series of unimportant salts. It is no longer 
officinal. The protoxide (red oxide), HgO, Hydrargyri 
oxidum ruhrum, also forms a series of salts more stable 
than the former. The disulphide, black sulphide, JSthiop^s 
mineral, is made by rubbing together Hg and S, and is a 
black, nearly inert powder of uncertain constitution ; it 
generally contains an excess of sulphur. It is no longer 
officinal. The other compounds of mercury will be con- 
sidered under the head of its preparations. 

The equivalent of Hg was formerly assumed as 200 ; it has lat- 
terly been halved. If we combine 200 grains of mercury with 
126*5 grains of iodine, we get the green iodide ; 100 grains of 
the metal with the same of I, gives the red iodide. If Hg be as- 
sumed as 100, the former will be Hggl, and the latter Hgl ; if 
at 200, the former will be Hgl, and the latter (doubled) Hglg. 
The change of the equivalent only changes the nomenclature of 
the compounds ; it cannot affect their character or reactions. 
As the U. S. Pharmacopoeia does not use the chemical names of 
the preparations of mercury, but distinguishes them by some phys- 
ical property, if the officinal titles are always used, no mistakes 
can occur. 

Med, Effects, — Purgative, alterative, etc. Workmen 
exposed to its vapours, and persons using its preparations 
for a long time, become salivated, and are afflicted with 
tremors and caries. Iodide of potassium converts it into 
a compound soluble in excess of KI, which may after a 
time be eliminated with the secretions. For its effects in 
poisonous doses, see Corrosive Sublimate. 

364. As Metal. — (a) Hydrargyrum. 

(6) Pilulsd Hydrargyri, Blue Pills. 

Prep. — By rubbing gj Hydrarg. with giss Confect. Bosae 
until the globules disappear, and adding gss Fulv. Glycyr- 
rhizae to make a mass to be divided into 480 (3 gr) pills. 
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Is generally made on the large scale, and rarely contaiiiB 
the full proportion of 33 J p. c. of mercury. 

(c) Unguentum Hydrargyria Blue ointment. 

Frep. — By rubbing ^xxiv Hydrarg, with Jxii Saevi and 
q. s.Adipis until the globules are extinguished, and then 
adding the remainder of Jxii Adipis, Is generally pre- 
pared on the large scale. 

(d) Emplastrum Hydrargyri. 

Prep. — By rubbing Hydrarg. (3vi) with equal parts 
(3y) 01. Olivse and Besinae, previously melted together 
and cooled, until the globules disappear, and adding these 
to (Sxii) Emp. Plumbij previously melted, and mixing. 
Mercury is also employed in the 

(e) EmplasL Ammoniaci cum Hydrargyro. 
(/) Hydrargyrum cum Greta. 

Prep. — By rubbing (3"]*) Hydrarg. with (Jv) Cretm 
Praeparatse until the globules disappear. It combines the 
antacid effects of the chalk with the alterative powers of 
the mercury. There is too little chalk to be of much ser- 
vice ; more may be added at the time of prescribing. 
When long kept, the mercury oxidises. 

365. Oxide, HgO; Hydrargyri Oxidum Bubrum, Red 
Precipitate. 

Prep. — By heating HgOjNOg until red fumes (NO4) 
cease to arise. Also by heating mercury to near its boil- 
ing-point (praecipitatum per se of the older chemists), and 
as 3'^ellow hydrate by adding HgCl to lime water, HgCl-|- 
CaO,HO=HgO,HO + CaCl-> In the proportion of gr 

Y\Y to Oj, this forms the yellow wash. 

Prop. — Brilliant red scales soluble in TOGO parts water, 
entirely dissolved by HCl, and decomposed and dissipated 
by heat. It is not employed internally. 

Ung. Hydrargyri Oxidi Bubri. — R. Hydrarg. oxid, 'nih 
gr xxx, Ung. Adipis gj. M. Ft. ung. Used as a stimalart 
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application. The precipitated oxide is preferable for 
making this preparation on account of its being amor- 
phous, and in fine powder. 

Sulphide, Hydrargyri Sulphuretum Bubrum, Cinnabar, 
Vermilion, HgS. 

Prep. — Melt ^viii Sulphuris; add to it, with constant 
stirring, gxl Hydrarg.; continue the heat until the mass 
begins to swell, cover the vessel and allow it to cool; then 
powder and sublime. 

Prop. — In heavy, brilliant red, fibrous masses, insoluble 
in acids except Aqua regia. Is entirely volatilised by 
heat. Is used in fumigations; largely in the arts as a 
pigment. 

366. Chlorides. 

The two most important. Calomel HgaCl, dichloride^ and 
Corrosive Sublimate HgCl, profochloride, are conveniently 
considered together as far as their manufacture is concerned. 
Corrosive Sublimate is prepared as follows: gxxiv Hy- 
drarg. are boiled with gxxxvi Acid. Sulphuric, Hg+ 2(H0, 
S03)=HgO,S03_-fS02^ + 2HO. The sulphate of the pro- 
toxide thus formed is a white powder decomposed by water; 
it is mixed with gxviii Sodii Chlorid. and sublimed, HgO, 
SOj + NaCl= NaO,S03+ HgCP ; the former remains,the lat- 
ter condenses in the head of the alembic. In making Calomel, 
the HgOjSOj is rubbed with an additional equivalent Jxxiv 
Hydrarg., forming Hg20,S03, sulphate of the dioxide. 
This is sublimed as before, Hg20,S08+NaCl=NaO,S03 
+ Hg2Cl^ It is carefully washed with boiling water until 
the washings give no precipitate with Aqua Ammonise 
(absence of HgCl). These compounds are generally made 
on the large scale. 

(a) Hydrargyri Chloridum mite; Calomel. — Is a white, 
or pale-buff powder, insoluble in water, alcohol, and ether, 
24 
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entirely volatilised by heat; s. g. *1'2, Is not poisonous in 
large doses. 

Incompatibles. — Alkalies, alkaline earths, their carbon- 
ates, soap, nitromuriatic acid, the chlorides ?, hydrocyanic 
acid. 

(b) Hydrargyri Chloridum corrosivum; Corrosive Sub- 
limate, HgCl. — Is in colourless, transparent crystals (3d 
system), or white, semi-transparent, crystalline masses; 
s. g. 5*2; permanent in the air. It is inodorous, of an 
acrid, persistent, metallic taste; melts and volatilises 
readily, with dense, acrid fumes ; soluble in 20 parts cold 
and 3 boiling water, in alcohol and ether; also, without 
change, in sulphuric, muriatic, and nitric acids; muriati 
of ammonia, and common salt, render it more soluble in 
water. It retards putrefaction by coagulating albumen 
and fibrin. Should dissolve wholly in ether, and be wholly 
volatilised by heat. Dose, gr y^^ to j\. 

Incompatibles, — Alkalies, alkaline earths, their carbon- 
ates, soap, iodides, sulphides, tartar emetic, nitrate of 
silver, acetates of lead, and many metals, vegetable astrin- 
gents, albumen, fibrin, gluten. 

Toxicological Effects. — In overdose, gr iii to v, a cor- 
rosive poison; recovery has taken place after an ounce 
had been swallowed. Antidotes: Albumen (white of eggj 
blood), fibrin, gluten (flour), milk, with free evacuation of 
the stomach ; Quevennes iron or iron filings wrapped in 
gold leaf. Tests. (1) When in powder, KI produces a bright 
scarlet colour, NH4S,HS a black; NH4O does not alter it. 
(2) In solution, KI a yellow precipitate, changing to scarlet, 
NH4O a white, and SnCl a gray (precipitated mercury). 
A bright slip of copper immersed becomes silvery from the 
deposition of Hg, which may be afterwards sublimed in 
characteristic globules. (3) In organic mixtures^ HgCl is 
soluble in ether, and can thus often be extracted along 
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with fatty matters, which are separated by water ; it may 
then be submitted to tests (2). If a slip of gold foil/ inter- 
twined with zinc, be introduced, voltaic action will pre- 
cipitate the Hg on the former; it may be dissolved by 
HOjNOg and submitted to SnCl, or a portion volatilised 
and the characteristic globules obtained. This test proves 
the presence of mercury, but not that it is in the form of 
HgCl. The presence of chlorine is shown by nitrate of 
silver (224). 

((?) Hydrargyrum Ammoniatumy HgCljHgNHa, Chlor- 
amide of mercury; White precipitate. 

Prep. — By dissolving Jvi Hydrarg. Ghlorid. corros, 
in Oviii Aquae Destillatse by the aid of heat, adding Aquae 
Ammoniae f^viii with stirring; and washing and drying 
the precipitate. 2 HgCl + 2 NH4O = SgNH^^HgCl + NH4 

CU+2H0. 

Prop, — A white, insoluble, heavy powder, decomposed 
by boiling with water and by a high heat. Is employed 
externally only ; the Ung. Hydrarg. Ammon. contains gr xl 
to 3j Ung. Adipis. 

367. Iodides. 

(a) Hydrargyrum lodidum viride, Hg2l; Diniodide. 

Prep. — Mix in a mortar §j Hydrarg. with gr ccc lodinii 
and add f^ss Alcohol, fortioris, triturate until the ingredi- 
ents are thoroughly incorporated; stir the mixture occa- 
sionally, and at the end of two hours rub again until 
nearly dry. Then rub with Alcohol, fort, to a thin paste, 
and wash with the same until the washings cease to pro- 
duce a precipitate when dropped into water (absence of 
red iodide, Hgl). Dry and keep it in the dark, in a well- 
stopped bottle. The alcohol facilitates the combination of 
the elements, and removes Hgl. 

Prop. — A greenish-yellow powder, becoming red when 
heated; soluble in ether; exposed to the light, it becomes 
of a dark olive colour. It combines the properties of its 
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constituents; dose, gr j to iij. Is incompatible with Potass, 
lodid.j which converts it into the red iodide, Hgl. 

Hydrargyri lodidum rubrum, Protiodide, Hgl. 

Frep. — By double decomposition of Hydrarg. Ghlorid, 
corros. 3i dissolved in Ojss Aquae Destillat., and Potass, 
lodid, gj gr cxx, in Oss Aquae Vestillat. The precipitate 
is washed, dried, and kept in a well-stopped bottle. 
HgCl+KI=:HgI-fKCU. The precipitate is at first yel- 

low, but becomes red. 

Prop. — A brilliant, crystalline, scarlet powder, (2d and 
4th systems), becoming yellow when heated, and having 
its colour restored by pressure. This is due to a change 
of crystalline form (123). It sublimes unchanged chemi- 
cally. It dissolves in alcohol, also in solution of Potass, 
lodid.y forming lodohydrar gyrate of potassium^ KI,2HgI, 
which is valuable as a test for the alkaloids, and is given 
internally in the same cases as Hgl. It is frequently 
formed extemporaneously in prescriptions in which cor- 
rosive sublimate and iodide of potassium are ordered to- 
gether. The red iodide is much more active than the 
green. Dose, gr j'g, in alcohol, pill, or solution of Potass, 
lodid. ; in overdose, resembles corrosive sublimate, and 
requires similar treatment. 

Bibron^s antidote for snake-bites. — R. Hydrarg. Chlor. 
corros. gr ij. Potass. lodid. gr iv, Broviinii gr ccc. Alcohol 
dilul. f^viiss. Dose, gtt x in fjss Spt. Vini Oallici, re- 
peated pro re nata. 

Liquor Arsenici et Hydrargyri lodidi ; Donovan's so- 
lution. 

Prep. — Rub gr xxv aa Arsenici lodidi et Hydrarg, 
lodid. rub. with fjss Aquae Destillat., and when dissolved 
add f^viiss more and filter. It contains Aslg and Hgl; 
has the properties of its three constituents. Is easily de- 
composed, and should be given alone; the quantity of 
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arsenic is relatively small, being only about gr -j^*^ of me- 
tallic arsenic to f Sj. Dose, gtt v to x. In large doses, 
produces effects like those of Corrosive sublimate, and re- 
quires the same treatment. 

369. Cyanide, Hydrargyri Gyanidum, HgCy. 

Prep. — By distilling Hydrocyanic acid, HCy, into a 
receiver containing HgO, enough of the latter being used 
with agitation to destroy the odour of HCy. The solu- 
tion is filtered and crystallised. HgO+HCy=HgCy-> 
+H0_>. 

Prop. — White, square, prismatic crystals (2d system), 
wholly soluble in water; gives off Cy by heat, leaving 
Hg and paracyanogen. On the addition of HCl evolves 
HCy, leaving HgCl. Is very rarely used in medicine. 
DosCj properties, and antidotes, those of corrosive sub- 
limate. 

Fulminate, 2Hg20,Cy202. This substance, employed in 
percussion-caps, may be made by dissolving gr c Hg in 
f Jiss Acid. Nitric, adding gij Alcohol, and if necessary 
more to moderate the action ; the fulminate precipitates, is 
washed and dried at a heat not exceeding 120°. It is 
very explosive, and should be kept under water. It 
evolves, when exploded, CO2, N, and Hg. 

S10. Nitrates. 

Nitric acid unites with the oxides of mercury to form 
seven compounds ; only one of these, the normal nitrate 
of the protoxide, is important. 

LiQuor Hydrargyri Nitratis, Acid Nitrate of mercury, 
HgCNOfi+xHCNOfi. 

Prep. — Dissolve giij Hydrarg. in a mixture of Jv 
Acid. Nitric, and f^vj Aquas Destillat. When red fumes 
cease to be evolved, evaporate to fjviiss. Hgg-f 4(H0, 

N05) = 3(HgO,N05)_>+N62+4HO. An excess of acid 

19' present. 
24* 
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Prop, — A colourless, acid liquid, s. g. 2*165. It is not 
decomposed by an excess of distilled water. It reacts 
with KI, SnCl, and bright copper, like HgCl. Is used as 
a caustic. 

Unguentum Hydrargyri Nitratis, Citrine ointment. 

Prep. — gjss Hydrarg, is dissolved in ^iijss Acid. Nit- 
ric, forming as above HgOjNOg; this is added to ^xii 01. 
Buhuli and Jviss Adipis melted together, and the whole 
stirred with a wooden spatula until the ointment stiffens. 
A complex change takes place, both the nitrate and the fats 
being partially decomposed. It is of a yellowish colour, 
offensive odour, and somewhat liable to change. Used in 
skin diseases. 

371. Sulphates. 

The sulphate of the protoxide HgO, and that of the 
dioxide HgaO, are prepared as a preliminary step in the 
manufacture of corrosive sublimate and calomel. 

SubsuJphate ; Hydrargyri Sulphas flava^ Turpeth 
mineral. 

Prep. — giv Hydrarg. are dissolved in ^vi Add. Sul- 
phuric, Hg+2(HO,S03) = HgO,S03+SO,+ 2HO->; this 
is evaporated to dryness and thrown into boiling water, 
which decomposes it into yellow trisulphate and soluble 
tersulphate, 4(HgO,S03)=3HgO,S03+HgO,3S03_>. 

Prop. — A yellow powder, soluble in 2000 parts cold 
and 600 of boiling water ; moderately heated, it becomes 
red, but regains its yellow colour on cooling. At a high 
heat it is decomposed, SOgand being evolved, and metallic 
Hg sublimed. Is sometimes used as an errhine, and, 
rarely, internally as an emetic and alterative. Dose, gr i 
to V. In overdose, a poison ; the antidotes for HgCl may 
be employed. 



CHEMIST&T or THE ELEMENTS. 283 

SILVER (Argentum), Ag=108. 

372. Sources. — Occurs native, and as sulphide, chloride, 
and iodide ; also in the argentiferous galena. Is obtained 
by amalgamation and cupellation. Pure silver may be 
obtained from coin which contains 10 p. c. of copper, by 
dissolving in nitric acid, adding HCl or NaCl, which pre- 
cipitates AgCl ; this may be reduced by fusing with mixed 
carbonates of potassa and soda, with borax, or by im- 
mersing scraps of zinc or iron. 

Prop. — A brilliant white, malleable, ductile metal, s. 
g. 10'5 ; fusible and volatile at a white heat, and burning 
with a green light in the voltaic arc ; it does not oxidise 
by the action of ordinary oxygen, but is attacked by ozone. 
When melted, it takes up mechanically many volumes of 
O, which it ejects on cooling, causing the spirting or spit- 
ting of the metal. It tarnishes in air, owing to the forma- 
tion of a superficial layer of sulphide. 

Ghem. Bel. — Forms AgjO, AgO, and AgOj; AgO, only, 
is important. AgS is the black tarnish of silver ; AgCl 
is insoluble in water and acids, but soluble in ammonia, 
and blackens on exposure to the light. Agl and AgBr 
are sensitive to light, and largely employed in photog- 
raphy. The metal is not easily attacked by acids, except 
the nitric. Test. — Soluble chlorides give a white, curdy 
precipitate of AgCl, which has the properties above given. 
It is reduced from solution by iron, copper, and zinc. Is 
officinal as Argentum. 

373. Oxide, AgO, Argenti Oxidum. 

Prep. — Dissolve J iv Argenti Niirat. in Oss Aquae De.stil- 
lat.y and add Liq. Potassse as long as a precipitate is pro- 
duced ; wash and dry the latter. AgO,N06 + KO,HO= 
AgO+KO,N05_> f H0_>. 
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Prop, — An olive-brown powder, decomposed by heat 
into Ag and ; slightly soluble in water ; having a faint 
alkaline reaction. By treatment with strong ammonia, 
which dissolves it in part, a black explosive powder is ob- 
tained, AggN? ; this is distinct from fulminate of silver, 
2AgO,Cy202, which is analogous to the corresponding 
mercury compound, but more explosive AgO is used in 
medicine for the same purposes as the nitrate, over which 
it is supposed to have the advantage of not blackening 
the skin. Dose^ gr ss to j. 

3H. Cyanide, Argenti Gyaniduviy AgCy. 

Prep. — By passing the vapour of HCy into AgO,N05, 
or by adding Cyanide of potassium, not in excess, to a 
solution of AgO,N05. AgO,N05 + HCy = AgCy + HO, 

Prop. — A tasteless, white, insoluble powder, soluble in 
KCy and in nitric acid ; is employed for the extempora- 
neous formation of Acid. Hydrocyanic, dilut. 

375. Nitrates, Argenti Nitras, AgOjNOg. 

Prep, — By acting on silver by nitric acid ; Ag3+4(HO, 

N05)==3(Ago,N06)_^+N62+4HO_^. If coin be em- 
ployed, nitrate of copper will be present ; on heating the 
solution to dryness, this will be decomposed, leaving insol- 
uble CuO, from which the AgO,N05 may be separated by 
solution and filtration. 

Prop. — Colourless, transparent crystals (3d system), of 
a metallic and bitter taste, soluble in their weight of cold 
water and 4 parts of cold alcohol. The salt is decomposed 
by heat, with a bright flame, leaving spongy metallic sil- 
ver. It is blackened by the contact of organic matter. 

Med. Effects. — In overdose, an irritant poison; antidote, 
common salt ; in medicinal doses, gr \ to i, used in the neu- 
roses and chronic gastritis ; externally in collyria. Should 
not be mixed with other medicines, and, if given in pill, it 
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should be made up with gum ; if dissolved, distilled water 
should be used. 

Argenti Nitras fusa, Lunar caustic, Lapis infernalis, 
AgOjNOfi. Is made by fusing the salt and pouring it into 
moulds. Is for external use. It sometimes contains chlo- 
ride, which renders it less brittle ; the latter will be left 
behind upon dissolving it in water. A stick of nitrate of 
silver may be conveniently pointed by rubbing it with a 
rotary motion upon a polished silver coin. 

GOLD (Aurum), Au=98. 

376. Occurs native ; is, when pure, soft, yellow, and the 
most malleable of the metals ; it can then be welded cold, 
and is used for filling teeth ; s. g. 195; melts at a bright 
red heat ; is unaltered in the air, and only attacked by 
Aqiia regia, selenic acid, and nascent cyanogen. American 
coin contains 900-thousandths of pure gold. Its most 
important compound is the chloride AuCls, used in pho- 
tography in toning prints. It gives with protochloride of 
tin a purple precipitate (Purple of Cassius, AuO,Sn02,SnO, 
Sn02-f 4H0 ?) which is used in glass staining and in paint- 
ing upon porcelain. Gold is precipitated from solution by 
ferrous sulphate, FeOjSOa. Polished steel dipped into its 
ethereal solution acquires a coating of metallic gold on the 
evaporation of the ether. Fire-gilding is performed by 
heating a coating of amalgam of gold and mercury applied 
to the body, the mercury is driven off. Electro-gilding 
has been already described (166). The preparations of 
gold have been used in the treatment of syphilis, but are 
now abandoned. They are highly poisonous ; the anti- 
dotes for mercury may be used. 
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PLATINUM, Pt=98-5. 

3Y7. Is a rare metal, occurring always native, in grains, 
and associated with other metals of the same group, Iridi- 
um, Osmium, Palladium, and Rhodium. Of these, the two 
first form a very hard alloy, irid-osminey which is used 
for pointing gold pens. Osmium forms a poisonous, vola- 
tile, osmic acid, OSO4. The grains of platinum may be 
dissolved in Aqua regia, and the metal precipitated by 
NH4CI, in the form of a yellow double chloride,NH4Cl,PtCl2, 
which on exposure to heat leaves the metal finely divided, 
Platinum sponge; this may be welded into sheets. Plati- 
num black, another form of the finely divided metal, is 
made by adding KO,HO to PtCl^, and then alcohol. Both 
of the forms of the metal are remarkable for their power 
of absorbing and condensing gases (14Y). The grains 
may also be fused together by the compound blowpipe, 
forming ingots, as first done by the late Dr. Hare. 

Platinum is the heaviest metal known ; s. g. between 21 
and 22 ; is highly malleable and ductile, resists all ordi- 
nary chemical agents even at high temperatures ; is harder 
than gold, and much used in the laboratory and the arts 
in the form of wire, foil, crucibles; and retorts. Like iron, 
it may be welded at a high heat. Its most important com- 
pound, the bichloride PtCl2, is used as a test for potassa 
and as a means of getting its other preparations. It forms 
a remarkable series of double chlorides of much theoretical 
interest. Its compounds are not used in medicine. 

PaUadinm, Pd = 53'2, is interesting from its power of 
absorbing hydrogen, of which it will take up 900 times its 
bulk. 



PAET IV. 

ORGANIC CHEMISTRY, 



378. Organic Chemistry investigates compounds pro- 
duced under the influence of vitality^ and those derivable 
from them by artificial means. 

This definition, although convenient, is not accurate. 
Recent researches have shown that many bodies, formerly 
obtained from the organic kingdoms, may be produced 
artificially. The compounds of ammonia and cyanogen 
are no longer considered as organic. Formic acid, alcohol 
and its derivatives, many of the fatty acids, glycerine, 
taurine (found in the muscles of the mollusca), urea, oils 
of mustard and garlic, are examples of organic bodies which 
may be formed from purely inorganic materials. We 
owe much of our knowledge on this subject to Berthelot, 
who, by imitating the gradual processes of nature, rather 
than the rapid and violent ones of the laboratory, has 
formed, from carbon obtained from the earthy carbonates, 
hydrogen from water, and oxygen from air, an extended 
and important series of artificial organic bodies. Instances 
of this organic synthesis will be given hereafter. 

319. Gonstitution of Organic Bodies. — Few dements 
enter into the constitution of organic bodies, but the num- 
ber of equivalents is great. Carbon is the essential ele- 
ment; next in frequency occurs Hydrogen, then Oxygen; 
a comparatively limited group contains Nitrogen; still 
more rare are Sulphur and Phosphorus; and finally, 
only in certain structures, or in artificially derived bodies, 

(287) 
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do we find the other elements. The number of atoms is 
large. Morphia has the formula C34H,9N06+2HO, and 
its equivalent is 303, against 47 for KO or 20 for MgO. 
Organic bodies also change in the most various and com- 
plex modes, differing much from those of the simple acids, 
bases, and salts which have been heretofore considered. 
The number of possible compounds can be shown to be 
infinite. Of the compounds of Glycerine with the known 
acids, Berthelot has shown* that over 200,000,000 are pos- 
sible, and a similar variety will be shown to be probable 
under the head of auhditution compounds. 

380. Decomposition. — From their complexity, organic 
bodies are prone to decomposition ; the elements re- 
arranging themselves in simpler forms, hence we have as 
results ammonia, marsh gas, compounds of sulphur and 
hydrogen, cyanogen, etc. The following are the most im- 
portant varieties of natural decomposition: EremcLcausis, 
or decay, which occurs only in non-nitrogenised bodies, as 
wood, and which is a slow oxidation accompanied by 
absorption of nitrogen ; Fermentation^ occurring in non-ni- 
trogenised bodies under the influence of a putrefying nitro- 
genised substance ; PutrefactioUy occurring only in bodies 
containing nitrogen; it is closely allied to fermentation. 

381. Analysis of Organic Bodies. — 1. Qualitative. 
Organic bodies contain carbon in excess of the quantity 
of necessary to consume it. On heating them in a tube, 
the C remains. This is characteristic of organic matter. 
Water may be driven off by a heat of 212°. Mineral 
matters are determined by burning the body in a crucible, 
by the aid of KOjNOs or K0,C106, and examining the 
ash. Use is made of the solvent powers of various 
menstrua in separating the projrima^e constituents, as in 
the simple example of a gum-resin, where the former is 

♦ Ckimt'e Orgauiqne /oncUe sur la jSyntWse, Tome ii. p. 33. Paris, 1860. 
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dissolved by water and the latter by alcohol. Fractional 
distillation is also usefully employed to separate bodies of 
diflFerent degrees of volatility. The other methodh; of dis- 
tinguishing organic bodies, and of separating them into 
their proximate constituents, will be explained hereafter. 
The Ultimate analysis of organic bodies is effected by 
burning the body and weighing the products of combustion. 
This is generally effected by mixing the body, carefully dried 
and weighed, with CuO or PbO.CrOa in a tube, sealed at one 
end, and applying heat ; the products of combustion are 
caused to pass through a tube containing fragments of 
fused CaCl, and then through bulbs filled with a solution of 
KO,HO, The former intercepts the watery vapour formed 
by the combustion of the H, and the latter the COg formed 
by that of the C. The tube and bulb are weighed carefully 
before and after the combustion; ^ of the increase of the 
weight of the former is H, and -^^ of the latter C. The O 
is estimated by the difference of the combined weight 
of these elements with the ash and that of the body an- 
alysed. The presence of nitrogen in an organic body is 
generally manifested by the evolution of NH4O, when 
heated alone or with KO,HO ; its amount may be deter- 
mined by collecting it as it issues from the potash bulb. 
Sulphur is detected by heating the body with an alkali 
and testing with nitro-prusside of sodium ; it may bo 
burned into SO3 and precipitated by Baryta. Phosphorvs 
may be converted into phosphates and tested in that form. 
382. Theoretical Confiiderationa. — The result of ulti- 
mate analysis is merely a knowledge of the elements con- 
tained in a body, and their amounts per cent. We know 
nothing of the arrangement of the elements of any body, 
organic or inorganic. Theory supposes them to be ar- 
ranged in a certain way for the purpose of conveniently 
arranging and studying the facts. Thus, sulphate of po 
25 
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tassa coDtains one atom of sulphur, one of potassium, and 

four of oxygen; we suppose these to be arranged as KO, 

SO3; we may suppose them to be KySO^, or KOgSOj, or 

KO3SO, or KO4S, etc. We assume the former of these 

to be true from probability and convenience. Alcohol, 

C4He02, may be regarded as C4H60,HO, or C4H42HO, or 

C H ^ 
*Tr* >- O2, etc. The formula given by ultimate analysis is 

termed the empirical formula; that which represents the 
supposed arrangement, the rational formula. 

Compound Radicals. — We assume the existence of com- 
pound bodies which, like ammonium (274) and cyanogen 
(235), act as elements ; these are called quasi elementary 
bodies or radicals; they are exceedingly numerous. By 
far the largest number contain only C and H, the equiva- 
lents of the former being even and of the latter odd. They 
form oxides, hydrates, and compounds with the acids and 
halogens strictly analogous to the corresponding com- 
pounds of the metals. 

Thus the radical Ethvl, C4TI6, forma C4II6O, Ether, 04H50,HO 
Alcohol. C4Tl50,NO. Nitrite of the Oxide of Ethyl, C4H5CI Chlo- 
ride of Ethyl, etc. These cannot in many cases be made directly, 
and it should be remembered that the whole assumption is merely 
a convenient theory. 

383. Substitution Compounds. — In inorganic chemistry, 
H is replaced by the metals, HCl+Zn=ZnCl + H; and 
the amphigens (184) and halogens (224) replace each 
other. In organic chemistry, not only do these replace- 
ments take place, the quasi metals or radicals being in- 
cluded as metals, but the halogens and NO4 replace H. 
These substitution compounds often present a marked re- 
semblance to those from which they are derived. Thus, 

Pyroxyline or gun-cotton, CahTvTsV" ^»; made by the 

action of HO.NOj on cotton, C24H20O20 has six of NO4 in 
place of six of the H of the latter. The most remark- 
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able bodies of this group are to be found under the head 
of the substitution ammonias (425). 

384. Isomeric J MetameriCj and Homologous Bodies, — In 
inorganic chemistry, we have seen that the same elements 
in the same proportions produce the same compound. In 
organic chemistry, we have frequent instances of bodies of 
precisely the same composition, but of different chemical ^ 
and physical properties. Thus: Cellulose (cotton) Starch, 
Dextrin, and Gum Tragacanth, all have the formula 0^4 
HaoOao. Such bodies are termed isomeric (Gr. isos, equal, 
meroSy weight). Their widely different properties are 
attributed to a difference in the arrangement of their atoms. 
Metameric bodies (Gr. meta, beyond, meroSy weight) are 
isomeric bodies of which the rational formulae are sup- 
posed to have been determined, and thus this difference 
of arrangement made clear. Thus, Acetate of oxide of 
methyl C2H30,C4H308, Formate of oxide of ethyl C4H50,C2 
HOg, and Propionic Acid CsHsOgjHO, have each the em- 
pirical formula C6H6O4. Homologous bodies (Gr. homoios^ 
similar, logos, ratio) differ from each other by a fixed 
amount of C and H, and those belonging to the same 
series have generally a similarity of properties and chemi- 
cal characters. Thus, the following acids, Formic CaHjOj 
HO, Acetic C4H303,HO, Propionic C6H503,HO, Butyric Cg 
HtOsjHO, increase by C2H2 or a multiple of it; their 
boiling-points have also been noticed to rise about 34*^ F. 
for each increase of O2H2. We have many such series. 

385. Arrangement. — Organic bodies will bc» consid- 
ered under the following heads: 

1. The Starch group, including the sugars, gums, and 

woody fibre. 

2. Radicals homologous with Ethyl, having the general 

formula CauHan + i; their compounds and deriva- 
tives. 
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3. Radicals not homologous with Ethyl. 

4. Organic Acids not oxides of known radicals. 

5. Substitution Ammonias, the alkaloids and allied prin- 

ciples. 

6. Fats and Oils. 

7. Colouring Matters. 

8. The proximate principles of animals and vegetables 

and otherwise classified, with the chemistry of the 
animal solids and fluids. 



L STARCH GROUP. 

The most important members of this group are : — 
Cellulose, C24Hao02o. 

Starch, C24H2oOao. 

Dextrin, C^HaoOao. 

Gum Arabic, C^^R^Oj^ 

Gum Tragacanth, CaiHaoOa,. 
Pectin, C64H 48064. 

Cane Sugar, CaiHjjOaj. 

Grape Sugar, C^HmOk. 

Fruit Sugar, C24H24O24. 

Milk Sugar, C24H24O34. 

They all, except Pectin, contain the same proportion of 
C, and the H and O are in the proportions to form water. 
They have been termed Carbohydrates, but the Word is 
objectionable; it cannot be assumed that they are com- 
posed of carbon and water. 

386. Cellulose, C24HaoOaB. Is the fundamental material 
of the structure of wood constituting the cell-wall. It is 
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seen nearly pure in fine linen, cotton wool, or fine unsized 
paper. It has been detected in certain diseased conditions 
of the human brain. 

Cellulose is white, inflammable, insoluble in ordinary 
menstrua. It may be dissolved in the cold by a solution 
of ammonio-sulphate of copper (330), by strong alkalies at 
high temperatures and pressures, and it is decomposed by 
CI and I. Cold H0,S03 converts it into dextriUy and finally 
into grape sugar ; when pure, it is not immediately black- 
ened by this reagent. By the immersion for half a minute 
in H0,N06, aiid washing, it is converted into explosive 
gun-cotton^ or pyroxylin. A mixture of equal parts of com- 
mercial nitric and sulphuric acids, allowed to cool, will 
answer. A less explosive variety, freely soluble in ethcT, 
is made by the action on the cotton wool for 24 hours of 
a mixture of K0,N05, in fine powder ^x, and sulphuric 

acid s. g. 1*843 gxvss. The formula C24 — —^ — O^ has 

(N04)4 
TT 

been assigned to the soluble and C24 > '* - O^ to the 

(NOJg 

explosive variety. 

Collodion, Collodium, U. S. P., is a solution of pyroxi- 
line gr Ivi in a mixture of f.^iiiss of ether and f^j of 
stronger alcohol. Its tendency to contract may be obviated 
by the addition of 5 to 10 p. c. of castor oil or Venice 
turpentine. 

Explosive compounds resembling pyroxyline in compo- 
sition have been made by the action of HOjNOg on starch, 
glucose, mannite, etc. By the action of FeCl or of KS,HS, 
pyroxiline is reconverted into cotton. 

Wood consists of cellulose, with incrusting and other 

materials, to which the names of vasculose, fibrose, etc. 

have been given; they are grouped under the general 

term of intercelluloHe. By the action of caustic alkali 

25* 
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under pressure, the intercellulose is dissolved and cellulose 
remains. Very strong alkaline lyes under pressure attack 
the cellulose. By the action of a mixture of caustic potassa 
and soda on sawdust, oxalic and finally ulmic acid (C^qHm 
O12) are formed. Cotton goods immersed in a cold, strong 
solution of caustic alkali are rendered thicker and stronger, 
a portion of the alkali entering into combination with the 
fibre. Unsized paper dipped for an instant into a mixture 
of 2 vols. HO, SO, and one of water, and then well washed, 
becomes converted into a parchment-like substance. 

Decomposition. — Wood exposed to the air undergoes 
slow decay, eremacaiLsis, due to the absorption of oxygen ; 
carbonic acid and water are produced. This may be re- 
tarded by impregnating it with antiseptics, which coagu- 
late the albuminous matters. The most important are, 
ZnCl, HgCl, CuOjSOg, and coal-tar. In dry air, or wholly 
submerged, wood will last for centuries. Vegetable mould 
contains ce/tain principles which have been described as 
humus f geinej ulmin, geiCf humic, and ulmic acids; they 
sometimes contain ammonia, the nitrogen of which is sup- 
posed to have been obtained from the atmosphere. 

When vegetable fibre undergoes decomposition, par- 
tially excluded from the air, either under water or ground, 
it is converted into peat^ and gradually into lignite and 
coal. 

By the destructive distillaiion of wood and coal, a variety 
of complex products are produced ; these vary with the 
temperature, moisture present, etc. They may be classed 
as, (1) Oases, CO, CO2, C^H,, C4H4, NH4O, and CgN ; and 
volatile, complex, hydrocarbons, among which naphthaline, 
CaoHg, a white crystalline body, solid at ordinary tempera- 
tures, may be mentioned. (2) Ibr, which is a very complex 
body. Wood tar, Pix liquida, contains wood spirit C2H4O2, 
acetic acid C4H4O4, paraffine and creasote C,4H802. Wood 
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spirit and acetic acid will be considered under Group 11. 
Paraffine (parurrij little, affinis) is a beautiful transparent 
solid, unaffected by any ordinary chemical agents. It is 
used in making candles, waterproofing, and for greasing 
the stoppers of chemical reagent bottles. It consists of 
C and H, but its formula has not been determined. Naph- 
thaline, CaoHg, is a white crystalline body, solid at ordinary 
temperatures. Greasote, Creasotum, C14H8O2, is a colour- 
less, oily liquid, of a burning caustic taste, and peculiar 
smell, is inflammable, boils at 397°. It coagulates albu- 
men, and is antiseptic, as is seen in smoked meats. Is used 
externally, mixed with water, as a stimulant and detergent 
wash, and pure as a caustic ; the Unguent, Grea^oii con- 
tains f 3SS Creasoti to 3j Adipis. Creasote is sometimes 
given internally as an astringent and anti-emetic. DosCy 
gtt ss to j, in water. In overdose, is an irritant poison, 
antidote, albumen. Carbolic or Phenic acid, coal-tar, crea- 
sote, CiaHfiOg, or C,2H50,HO, hydrate of the oxide of phefCyl 
(41 1), closely resembles the former, and is perhaps iden- 
tical. It is in transparent crystals, having the odour and 
other properties of creasote, and is soluble in water by the 
aid of acetic acid. Used in the same cases as the former. 
Ridgewood's disinfectant consists of carbolic acid, lime, and 
clay. Carbolic acid is one of the most efficient of the Anti- 
septics (199). Coal-tar gives on distillation Naphtha, which 
contains benzole, C,2H6, and its homologues (417); dead oil, 
containing naphthaline, paraffine, and a residue of pitch 
By chemical agents, the beautiful aniline dyes and other 
colouring and even fragrant matters are obtained from 
coal-tar. These will be discussed hereafter. 

387. Starch, C24H20O20. — Is obtained chiefly from the 
roots and seeds of vegetables, by mixing the crushed or 
rasped matter with cold water, which dissolves albuminoid 
matters, and aljows the starch to fall to the bottom of the 
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ressel. It is also found in the brain, the liyer and kidneys, 
spleen, and mucous surfaces. The following are the most 
important varieties of starch: com starch, wheat starch 
(amylum), potato starch, Maranta (arrow-root), S<igo, Ta- 
jnocOj and Canna ( Tous le mots). 

Prop. — Is a white shining powder, exhibiting under the 
microscope irregular grains, the size of which varies; 
those of Canna measure the ^^g of an inch, those of Ma- 
ranta 5^u, of amylum y^'^^, of rice j^'^^- These grains 
consist of layers covered by an external membrane, each 
globule having on it a mark or hilum. It is insoluble in 
water, but when boiled, the membrane bursts, and the 
whole forms a transparent jelly, probably not a true solu- 
tion, amidin^ clear starch; this gives a characteristic blue 
colour with free iodine. 

The starch from elecampane, etc., InuUn, and from lichens 
and algse, cetrarin^ chondrin^ differs somewhat in composition 
from the ordinary starch. The former is coloured yellow, and 
the latter brownish-gray, by iodine. 

Chemical Changes. — Dilute acids (except phosphoric), 
diastase, and saliva convert starch into dextrin. Cold 
strong nitric acid dissolves it; and, on the addition of 
water, a precipitate of xyloidine, an explosive body resem- 
bling pyroxyline, is deposited. Dilute nitric acid converts 
it into a variety soluble in cold water, and finally into dex- 
trin. Hot nitric acid oxidises it to oxalic acid, Ca4HaoOao+ 
12(HO,NO5)=12(HO,C2O»H.^+20HO-->+12NO^^ Iodine 
and bromine combine with starch, and it, on the other 
hand, forms amylates with baryta, lime, and oxide of lead. 
It is insoluble in a solution of ammoniated copper, and is 
destroyed by strong alkalies. 

Dextrin, Ci^U^O go- 
Prep. — (1) By boiling starch with dilute acids, ceasing 
when the liquid no longer reacts with iodine. (2) By the 
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action of saliva or of diastasSj a nitrogenous principle 
existing in germinating seed, at about 80*^ F. The process 
should be arrested by heating to the boiling-point, when 
the iodine reaction ceases ; otherwise the dextrin is con- 
verted into grape sugar. One part of diastase will convert 
2000 of starch into dextrin, or sugar. (3) British gum, 
which is identical with dextrin,* is prepared by roasting 
starch at about 400°, or by heating to 220° 500 of starch, 
150 of water, and 1 of nitric acid for two hours. In all 
these cases the action of the acid is catalytic, it is itself 
unchanged. Dextrin has a sweetish taste, is very adhe- 
sive, and is used in coating labels, envelopes, etc. It does 
not ferment. 

388. 6nm Arable, Acacia, Arabin, C24H22O22, or C^HhOh. 
Forms a viscid mucilage with water; by dilute acids it 
is converted into grape sugar. Nitric acid converts it into 
mucic acid, Ci4H80,4,2HO ; it is precipitated by the sub- 
acetate of lead, forming a definite compound with the oxide 
of lead, PbO,C,2H,iOi,. Besides Arabin, Acacia contains 
lime. 

389. Gum Tragacanth, Tragacantha, C24H20O20, or CizH^o 
Oio. — Consists almost wholly of bassorin. It swells with 
water to a bulky mass, which when long boiled acquires the 
general properties of Arabin. It is chiefly used in making 
paste. The gum of the cherry, plum, and apricot tree 
appears to be a mixture of Arabin and bassorin. The 
mucilage of quince-seed, flaxseed, elm, and marshmallow 
closely resemble the gums. 

390. Pectin, C64H4o066,8HO. — The well-known property 
of gelatinising possessed by the juice of fruits, as currants, 
raspberries, etc., is due to Pectin. In the unripe fruit, 
pectosCy a substance insoluble in water, alcohol, and ether, 
exists; during ripening, this is converted in great part into 

* Gmelin, Handbnnh Cnv. Ed., vol. xv. p. 187. 
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pectin; the change is accelerated bj boiling; it is brought 
about by a sort of fermentation or catalytic change due to 
the action of the acids present in the fruit favoured by 
warmth and light. Parapectin and Metapectin are modi- 
fications; by the action of weak alkaline solutions, these 
are changed into pectic acid, 2HO,C82Hao028, which may be 
further converted into meta and para-pectic acids. 

391. Cane Sugar, Saccharum, C^^HjzOzi' 

Sources. — The sugar-cane, sorghum, beet-root, the 
ascending sap of the maple, corn-stalks ; is also found in 
the date and cocoa palm, melons, bananas, pineapple, nec- 
taries, of flowers, etc. 

Prep, — The expressed juice is heated to coagulate 
albuminous matter, which is skimmed off, lime is added to 
neutralise acids which would convert it into fruit sugar 
(molasses) ; the juice is evaporated under diminished 
pressure. The raw or brown sugar thus obtained is re- 
fined ; it is dissolved in lime-water, filtered first through 
woollen bags and then through animal charcoal. The so- 
lution, evaporated and crystallised, gives loaf-sugar, or, in 
large, oblique rhombic crystals (4th system), rock-candy. 

Prop. — A sweet substance, s. g. 1*6, soluble in ^ its 
weight of water, at 60° forming syrup ; boiling absolute 
alcohol dissolves g^j, of its weight, which deposits on cool- 
ing; commercial alcohol dissolves a larger proportion. 
Heated a little above 320° F., it cools to an amorphous 
mass, — barley sugar ^ candy ; above 378°, loses 4 eq. water, 
becoming caramel or burned sugar, used for colouring 
liquids and syrups. It combines with lime and other 
bases, forming definite crystallisable salts, the formula of 
the lead salt at 212° being 4PbO,C24Hi80,8; it is probable 
that the rational formula of cane sugar is 4HO,C24Hi80,8. 
It also forms compounds with salts, as common salt, which 
are deliquescent and crystallise with difficulty. Strong 
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sulphuric acid chars it ; the dilute acids generally, and 
diastase, convert it into fruit sugar; nitric acid forms oxalic 
acid (see Starch). The changes produced by fermenta- 
tion will be considered hereafter. 

392. Fruit Sugar, C24H24O84. Occurs in the juice of ripe 
acid and subacid fruits, the descending sap of the maple, 
honey, etc. Is frequently associated in these with cane- 
sugar, which is converted into it by the action of dilute 
acids and diastase. It is very sweet, soluble, and uncrys- 
tallisable. It passes readily into grape sugar. Molasses, 
Syrupus fuscuSy is fruit sugar, containing a considerable 
quantity of cane sugar in suspension. Glycogen, a starch- 
like substance obtained from the liver, has the same com- 
position. 

393. Grape Sugar, Olucose, C24H28O28. — Forms the white 
crystals on the outside of dried fruits; exists in diabetic 
urine, normally in the liver, and is readily formed by the 
action of dilute acids upon starch, gum, and the other 
sugars. 

Prop. — In warty imperfectly crystallised grains, less 
sweet than cane sugar in the proportion of 2 to 5 ; it is 
also less soluble in water, requiring one and a half times 
its weight, but is more soluble in alcohol. By the action 
of heat at 140° F., loses 4 equivalents of water and is con- 
verted into a body isomeric with fruit sugar ; at a higher 
temperature forms caramel. Sulphuric acid combines with 
it to form Sulphosaccharic acid, the lime and baryta salts 
of which are soluble. Nitric acid converts it into oxalic 
acid. It forms certain unstable compounds with bases ; 
is decomposed by strong alkalies. The tests for glucose 
will be considered under Urine. Its rational formula is 
probably 4HO,C24H^O<ij. 

394. Milk Sugar, CsMH^aOs, or C,2H„0„. — Is obtained 
by evaporating the whey of milk. 
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Prop, — In hard, gritty crystals, (3d system), soluble 
in 7 parts of cold water, insoluble in alcohol and ether. 
Is converted into glucose by dilute acids ; nitric acid forms 
oxalic and mucic acids; it forms a hydrate 2HO,Ca4H220H, 
and readily undergoes the lactic fermentation. Other 
sugars, or quasi sugars, as Mannite Ci2H,40i2, Glycyrrhizin 
C36H240i4, QuercUe, Finite, Sorbin^ My cose, etc., are de- 
scribed. Inosite, sugar of flesh, Glycocoll, sugar of gela- 
tine, and Olycerine, the sweet principle of fats, are not 
true sugars ; they will be described hereafter. 

395. Glnoosides. — This term is applied to bodies which 
by boiling with dilute mineral acids, or aqueous alkalies, 
or by certain ferments, split up into glucose and one or 
more other compounds. They occur in both the vegetable 
and animal kingdoms, have never been produced syntheti- 
cally, and are very numerous. The following are familiar 
examples: Gallo-tannic acid, yielding glucose and gallic 
acid, C,4H60h,; Salicin into glucose and saligenin, ChHs 
O4; Scammony resin into glucose and scammonolic acid, 
CtsHgoOg; Amygdalin into glucose, oil of bitter almonds, 
CuHeOz, and hydrocyanic acid, HCy. 

396. Fermentation. — Certain decomposing bodies — fer- 
ments — have the power of inducing decomposition in those 
with which they may, under favourable circumstances, be 
placed in contact. A very minute portion of a ferment is 
sufficient to set up the action, which then proceeds with 
more or less rapidity, producing, in the presence of com- 
pounds of ammonia and the phosphates, a much larger 
quantity of the ferment among the products of the change. 
The following circumstances are essential in all varieties 
of fermentation : (1) Contact of the ferment ; (2) Presence 
of air; this is not essential after fermentation has once 
begun ; (3) A temperature not below the freezing nor 
above the boiling point of water. It is retarded by too 
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high or too low a temperature between the limits named, 
and may be arrested by filtration, temperature, and anti- 
septics. The atmosphere contains always certain germs 
which have the power of inducing fermentation ; these are 
destroyed by boiling, etc., and arrested by filtering th^ air 
through cotton. The forms of diseases grouped under the 
title of zymotic^ are supposed to be due to the action of 
ferments ; hence the use of the sulphites, carbolic acid, etc. 
as prophylactics and remedies. 

The most important varieties of fermentation are the 
vinouBy the acetic, the laciiCj the butyric, and the viscous. 

397. Vinous Fermentatioil. — The varieties of sugar which 
are truly fermentable appear to be the fruit and grape su- 
gars, the other members of the group being converted into 
these by the action of chemical agents. The circumstances 
most favourable to the action are a temperature of 68-70° 
F., a weak solution of the sugar, say 10 p. c, and a proper 
proportion of the ferment. Yeast is composed of vegeta- 
ble egg-shaped cells, which increase by budding during the 
fermentation of other than pure saccharine solutions ; this 
increase in brewing may amount to J the original weight; 
it generally rises to the surface, but when the process takes 
place at a low temperature, sinks. Other nitrogenised 
bodies, as albumen, casein, etc., will induce fermentation 
and the formation of yeast. During fermentation the fol- 
lowing changes are noticed: (1) The evolution of CO^, 
causing frothing, which begins at the sides of the vessel, 
and after a time covers its whole surface ; (2) An agreea- 
ble, vinous odour ; (3) A gradual diminution of the sweet- 
ness and s. g. of the liquid, and evidence of the presence 
of alcohol. The decomposition is never complete ; a cer- 
tain portion of unconvertible dextrin, saccharine matter, 
and other bodies remain. The chemical change taking 

place is the splitting up of the sugar into the simpler forms 
26 
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of water, carbonic acid, and alcohol (C4H6O2). Thus grape 
sugar, 0241128028= 8C02+4(C4H602)+4HO; it yields 4646 
p. c. of alcohol ; fruit sugar yields 51 12 p. c, and cane su- 
gar 53*22 p. c, supposing the fermentation to be complete. 
We may arrest the process by filtration to remove yeast, 
boiling or freezing, or by antiseptics, of which carbolic 
acid, sulphurous acid, or the sulphites, are practically the 
best. 

Proce.^i^eH depending upon Fermentation. — Bread-Mak- 
ing. When flour is mixed with water, the gluten makes a 
tough paste, dough. The yeast added causes a portion of 
the starch to ferment, after becoming sugar ; the carbonic 
acid given off swells up the pasty dough, and the bread is 
raised. The carbonic acid and alcohol formed are driven 
off during the baking. By Dauglish's process the flour is 
impregnated with CO2, under pressure, no fermentation 
being allowed ; thus a portion of the starch is saved, and 
a purer and more palatable bread obtained. 

Wines. — The generic term voine may be applied to the 
fermented juice of fruits. We may distinguish Grape wine, 
wine proper ; that from currants, gooseberries, etc.. Domes- 
tic wines ; Gider from apples, Perry from pears, etc. 

The juice of grapes exposed to the air ferments, owing 
to the presence of albuminous matters in the pulp ; it is 
then put into casks. A second fermentation takes place 
in the succeeding spring, after which its impurities sub- 
side. The quantity of alcohol gradually increases, owing 
to the further change of the sugar, and the cream of tartar 
existing in grape juice is deposited as argols ; thus true 
w^ine improves up to a certain point by age ; beyond this, 
it again becomes acid or pricked from the formation of 
acetic acid. Sparkling wines are bottled before the second 
fermentation, and contain the CO2, due to it. Domestic 
wines contain malic acid, w^hich does not deposit ; hence 
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they are sour, unless this acid is disguised by sugar ; gen- 
erally a considerable quantity of spirits is added to make 
them keep. They cannot compare in wholesomeness with 
the wine of grapes. The varying properties of wines de- 
pend upon the percentage of alcohol and sugar. The for- 
mer may be determined by distilling off one-half of the 
wine, diluting the distillate with water enough to make up 
the original bulk, and testing with the hydrometer (1*7) ; 
the latter by evaporation. The following is a general 
average statement. Port, Madeira, and Sherry contain 20 
p. c. ; Hock, Claret, and Champagne, 11 p. c, and domestic 
wines 10 to 20 p. c, of alcohol. The quantity of sugar is 
least in the Hocks, and greatest in the syrupy wines, as 
some kinds of Port, Angelica, Malmsley, etc. The acidity 
of true wines is due to cream of tartar ; if the grapes were 
green, citric acid may be present, and in old wines acetic 
acid. Cider contains lactic acid. Moselle and Rhine 
wine are the most acid, Port and Sherry the least so. 
Tannic acid imparts roughness or astringency to wines, 
and prevents their becoming ropy (viscous fermentation). 
Wine casks are fumigated with SO2, to prevent their con- 
tents from souring (acetic fermentation). Wine is offici- 
nal as Vinum Portense, Port Wine, and Vinum Xericum, 
Sherry. 

Beer. — In brewing, a mash is made of malty barley, which 
has been allowed to germinate after steeping in water, by 
which its starch is converted into dextrin and sugar ; to 
this mash yeast is cautiously added, and fermentation 
allowed to take place to a certain point, leaving a consider- 
able proportion of unchanged dextrin and sugar. To the 
worts thus obtained is added an infusion or decoction of 
hops, by which a bitter flavour is given and fermentation 
checked. A slow fermentation goes on after the beer is 
barrelled, and causes the liquid to be charged with CO2. 
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In the brewing of lager, the fermentation is conducted 
at a low temperature, 33^ to 46^° F. The yeast sinks to 
the bottom, carrying much albuminous and gummy matter, 
and leaving a very clear beer. It is put in casks coated 
inside with resin, and stored for a long time before using. 
The amount of alcohol in beer varies from 2 p. c. in some 
kinds of lager and small beer to 8 in XXX ale and brown 
stout. The high colour of porter and stout is due to the 
use of malt which has been slightly charred in the kiliij 
used for checking the germination of the malt. 

Spirits are distilled from fermented liquids; Brandy, 
Spiritus Vim Gallicij from wine; Whiskey, Spiritus Fru- 
menti, from a mash of corn or rye ; Rum, from the juice of 
the sugar cane, or from molasses, etc. They contain about 
50 p. c. of absolute alcohol, by volume, when at proof. 
Their strength can be ascertained directly by the hydro- 
meter. They all improve by age when kept in wood, 
owing to the oxidation of injurious bodies, known as fusel 
oils, to fragrant and harmless ethers. The presence of 
fusel oil is disguised by sugar and mucilages, and it may 
be removed by filtering through charcoal mixed with 
MnO,. 

398. Acetous Fermentatior} . — A weak solution of alcohol, 
exposed to the air in contact with a ferment, absorbs oxy- 
p^en and becomes acid. This change will be studied under 
the head of Acetic Acid. 

399. Lactic Fermentation. — Sugar of milk, under the 
influence of the casein present in that fluid, or by the con- 
tact of certain animal membranes (rennet), ferments, lactic 
odd being formed. This is the cause of the souring of 
milk. It may be retarded by boiling, and prevented by 
boiling under a pressure of 1-5 atmospheres (Pasteur), or 
by evaporating the milk to a solid form (condensed milk). 
Lactic acid may also be produced from cane fruit or grape 
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sagar, by mixing with stale milk, putrid cheese, and chalk. 
Lactate of lime is formed abundantly. 

Lactic acid, Acidum lacticumj HO,C6H505, has an in- 
tensely sour taste and acid reaction ; it forms well-marked 
salts, of which that of FeO is officinal, Ferri Lactas. It 
exists in the gastric juice, the juice of flesh, in Sauerkraut^ 
and in the albuminous liquid left in the manufacture of 
starch. It 'has been used in the free state and as lactate 
of soda in dyspepsia. 

400. Butyric Fermentation. — By a continuance of the 
fermentation of the mixture described above, the lactic 
acid passes into hutyriCy an acid found in rancid butter, 
putrid flesh, etc. ; 2(HO,C6H505)=HO,C3HA-f 4COa+H4. 
Its properties will be considered in the next group (413). 

40L Viscous Fei^mentation. — The sugar of the beet 
at about 100° undergoes a peculiar change. But little 
alcohol is formed, the products being lactic and butyric 
acids, mannite and gum; CO:^ and H are given off. Ordi- 
nary sugar undergoes this change to a certain extent when 
treated as directed for obtaining lactic and butyric acid. 
The ropiness of wines and beer present examples of it. 

402. Theories. — The phenomena of fermentation and 
putrefaction were attributed by Berzelius to catalysis (159). 
Liebig supposes that the change taking place in the mole- 
cules of the ferment is communicated to those of the solu- 
tion in which it is placed, a process which he terms decom- 
position by example (160). These merely give a name to 
the change, but do not explain it. Schwann, Blondeau, 
and Schmidt referred them to the unexplained action of 
microscopic plants and animals; which viewfeceived sup- 
port from experiments in supplying fermentable matter 
with air drawn through cotton or a red-hot tube, in which 
case the change did not take place.* 

* Gmelin, H'ludbook Cav. Ed., vol. vii. p. 108. 
26* 
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Pasteur comes to the following conclusions, which are 
probably nearest the truth. No fermentation or putrefac* 
tion occurs without the generation of multitudes of low ani- 
mal or vegetable (?) organisms, known to the microscopists 
as rtif/coderviSj (orulan, vibrios, bacferiumSj monads, etc. 
Some of these, as the vibrios, live only in an atmosphere 
deprived of oxygen; others, as the bacteriums and mo* 
nads, absorb oxygen. Each variety of fermentation has 
an organism peculiar to itself; thus the mycoderma mni 
causes sugar to break up into alcohol and carbonic acid ; 
the mycoderma aceti, mother of vinegar, serves to oxidise 
alcohol to acetic acid, and the latter, in the absence of 
alcohol, to water and carbonic acid ; pencillium glaucum, 
converts sugar into lactic acid. Butyric fermentation and 
animal putrefaction are due to the combined action of the 
bacteriums and monads, which absorb oxygen, and of the 
vibrios, which act in the interior of the liquid away from 
oxygen. The phenomena vary according as the body is 
freely exposed to the air, or partially or wholly secluded. 
They are instantly arrested by a temperature of 130°, or 
by the action of antizymotics, as sulphurous acid, the sul- 
phites, carbolic acid, etc. 



II. RADICALS OF THE GENERAL FORMULA 

C.2nH2n+ 1. 

403. Theoretical Considerations. — The hypothesis 
of the existence of compound bodies which act as elements 
— quasi elementary bodies, radicals — is exceedingly con- 
venient. In inorganic chemistry ^we have already had ex- 
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amples of a perfect quasi metal, ammonium, NH4, and of 
a quasi halogen, cyanogen, C2N. Without discussing the 
arguments in favour or opposed to such a view, it may be 
stated that it brings a large number of organic compounds 
under the same type as those generally regarded as inor- 
ganic, and is at least as probably true as any other which 
has been suggested. As we know nothing of the arrange- 
ment of the elements in compounds, that theory is prefer- 
able which is the most simple. The great majority of the 
radicals contain C and H only, and the atoms of C are even, 
those of H odd. The protoxide of a radical is generally 
termed its ether (although the word is also applied to the 
compounds of acids with this oxide) ; its hydrated oxide, 
the alcohol of the series. The quasi metallic radicals may 
be divided into those which form a single basic protoxide, 
like zinc, as the ethyl type, positive radicals ; and those 
which tend to form higher acid oxides, like Cr, — the acetyl 
type, negative radicals. Generally speaking, the com- 
pounds of the former and the radicals themselves are 
obtained from their alcohols, which act with acids and 
halogens like the hydrates of the metallic oxides. The 
alcohols and ethers by oxidation yield the oxides of the 
negative radicals. The following are the most important 
members of the series ; others, especially among the acids, 
will be incidentally considered under other heads. 

+ Radical. Ether. Alcohol. 



Methyl, 


C2 H3 


Cj H3 


C, H, 0,H0 


Ethyl, 


C4H5 


C, H, 


C« H. 0,H0 


Propyl, 


Ce H7 


C,H,0 


C, H, 0,H0 


Butyl, 


Cg Hg 


CsH,0 


C, H, O.HO 


Amyl, 


CioH,i 


Cu)H,iO 


CxoHuO.HO 
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— Radical. Aldehyde. Acid. 

Cn H,n— , Cn H^n— 1,0, HO Cjii Han— j,Og, HO 

CjH Formyl, C2 HO,HO C, H03,H0 Formic 

C4 H3 Acetyl, C4 H30,H0 C4 HjO^HO Acetic. 

Ce H5 Allyl, Ce n50,H0 Ce H503,HO Propionic. 

Cg H7 Butyryl, C^ H70,H0 Cg H703,HO Butyric. 

C10H9 Valyryl, CioH,0,HO C,oHA,HO Valerianic. 

As an illastration of the changes taking place, we may take 
the ethyl series. Alcohol, C4II6O, HO, by losing water, becomes 
C4H6O, Ether, By the action of iodide of phosphorus, C4H6I, 
iodide of ethyl, is formed ; by digesting this with zinc, ethyl is 
obtained, C4HJ+ Zn=ZnI+C4H6. By the action of H0,N05 

iwith urea) on alcohol, nitrate of ether is formed, C4H60,H04- 
IO,N06=:C4n60,N06 + 2IIO. By oxidation, alcohol first loses 
two of hydrogen and becomes aldehyde, C4ll60,HO-f-Oa=C4H,0, 
HO-f 2H0, and finally are/ic acid, C4'nAnO-f 04=C4HAjH0+ 
4H0. These are but types of the reactions occurring in the 
whole series. All the alcohols aboTe named have been isolated ; 
the aldehydes are not yet complete. The list of acids might be 
continued uninterruptedly up to C88Ha608,nO, Stearic; and with 
interruptions to C«)Hw08,li[0, Mellisic acid. These acids are gen- 
erally known as the fatty acids. Their boiling-point rises about 
35'88° F. for each increase of CsHj. The whole series is homolo- 
gous. Only the more important members of the series will be 
considered. 

405. Methyl Alcohol, Wood Spirit, C2H30,HO. — Is 
among the products of the destructive distillation of wood. 
Is a colourless, inflammable, mobile liquid, miscible in all 
proportions with water and alcohol, s. g. 0798, boils at 
152°, has a peculiar odour and taste. Its solvent powers 
resemble those of alcohol. Methylated spirit contains 10 
p. c, and may be used for most purposes as a substitute for 
alcohol. Wood spirit is often confounded with acetone,* 
C^HgOa, obtained by distilling the acetates. It has been 
used as a stimulant expectorant in Phthisis. 

406. Formic Acid, HO,C2H03. — Exists in ants, certain 
caterpillars, nettles, and the sweat. May be made by direct 
oxidation by the action of platinum black on wood spirit. 
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Is preferably prepared by the decomposition of oxalic acid, 
by heat, in the presence of glycerine; the latter remains 
unchanged. The proportions are not important; the 
mixture is heated until CO2 is evolved, when more HO, 
C2O3 is added until no more CO2 is given off; formic acid dis- 
tils over. 2(HO,C203-h2HO)=HO,C2H03+4HO + 2CO2. 
It may also be obtained by distilling red ants with water. 
The monohydrated acid is obtained by the action of HS 
upon PbOjCjHOs. It resembles its homologue glacial 
acetic acid; it is very corrosive, blisters the skin, s. g. 
1'235, boils at 209°; mixes with water and alcohol in all 
proportions. Its vapour is inflammable. It reduces the 
salts of silver and gold. » 

Berthelot has made formic acid by the action of CO upon KO, 
HO, 2CO+KO,HO=KO.C2nO,: an interestinor example of a body 
originally derived from the animal kingdjm obtained from purely 
mineral sources. By destructive distillation the formates yield 
compounds of carbon and hydrogen of a more complex nature. 

407. Chloroform, CTioro/orw Mm, CjHjCls. — Maybe re- 
garded as the terchloride of formyl, or formic acid, in 
which O3 have been replaced by CI3. 

Prep, — On the large scale, distilling chloride of lime, 
CaO,C10-|-CaGl, with alcohol, wood spirit, or acetone, — 
Chloro/ormum venale. It is used in this state as a sol- 
vent. Chloroformum purificatxim is prepared by agitat- 
ing occasionally for 24 hours Jcii Ghloroformi venalis 
and 3xvii Acid, Sulphuric, then separating the lighter 
chloroform and adding to it f.^vj Alcohol, fortioris and ^ij 
Potass. Garb, previously heated to redness and rubbed to 
powder; the mixture is then stirred thoroughly and dis- 
tilled. 

Prop.— A limpid, colourless, volatile, neuter liquid, 
of an agreeable, ethereal odour, and a sweetish, burning 
taste. Water dissolves but one p. c ; Alcohol dissolves it 
freely. It dissolves caoutchouc, gutta-percha, the resins, 
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camphor, iodine, bromine, and most of the alkaloids. It 
is not inflammable. Its s. g. is 1*490 \o 1*494 ; it boils at 
140°. When dropped into water, it should sink without 
milkiness (absence of oils). Mixed with an equal weight 
of H0,S03, no sensation of warmth should be communi- 
cated to the hand by the containing vessel, and after stand- 
ing 24 hours, the acid should have but a faint, yellow tinge 
(absence of water, alcohol, and oils). A small portion being 
evaporated from a porcelain plate, the last portions should 
have a faint, aromatic odour, without pungency or em- 
pyreuma, while the plate is covered with a film of moisture 
free from smell or taste (absence of oils and free CI). It 
does not affect a solution of AgOjNOg (absence of free CI). 
Its uses are too well known to be detailed. It is employed 
in the Linimentum Chloroformi, the Mistura Chlorofomii, 
and in the Liquor Gutlse-Ferchas. Similar compounds with 
Br and I — CjHjBr, and CjHIs — are known. The latter 
Iodoform has been used externally as an anodyne appli- 
cation to ulcers, etc., and internally as an alterative. It is 
a yellow solid, insoluble in water, soluble in 80 parts of 
Alcohol. Dose, gr j to ij. 

408. Ethyl Alcohol; Alcohol, C4H50,HO. 

Prep. — By the distillation of liquids which have under- 
gone the vinous fermentation. Synthetically, by prolonged 
agitation of olefiant gas, mercury, and sulphuric acid. C4 
H4+2(HO,S03)=C4H50,HO,2S03,Sulphovinicacid;C4H5 
0,HO,2S03+2HO=C4H50,HO + 2 H0,S03). This pro- 
cess has been tried upon the large scale, but was not suc- 
cessful in an economical point of view. Although alcohol 
boils at 172°, yet, owmg to the adhesion between its 
vapour and that of water, and the evaporation of the 
latter, they always distil over together. To obtain 
alcohol free from water, it must be redistilled with fused 
chloride of calcium aid excess of lime ; it then forms abso- 
lute alcohol. 
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Prop, — Absolute alcohol is a colourless, transparent, 
volatile liquid, boiling at 172^, not frozen at any known 
temperature, inflammable, s. g. 0*7938. It has a slight, 
agreeable odour, distinct from that of ordinary alcohol. 
It attracts water, and when the two are mixed, the bulk 
of the resulting liquid is less than that of its components, 
while an elevation of temperature is noticed. The absence 
of water may be shown by introducing a bit of anhydrous 
baryta, which will fall to pieces if water be present. Al- 
cohol is officinal as Alcohol, fortius^ s. g. 0.817, which con- 
tains 92 p. c. of alcohol ; Alcohol, s. g. 835, 85 p. c. ; and 
Alcohol dilutum, proof spirit, made by diluting alcohol 
with an equal measure of water, s. g. 0*941, 39 p. c. 

The term proof spirit was applied originally to alcohol strong 
enough to set fire to gunpowder when lighted. If 100 vols, of a 
spirit require 10 vols, of water to bring it to proof, it is said to 
be 10 over proof; if it require 10 vols, of spirit, s. g. 825, to raise 
it to proof, it is said to be 10 under proof. The strength of 
proof spirit varies in different localities,, and it would be well if 
so ambiguous a designation were no longer used. The officinal 
alcohol dilutum is below the proof spirit of England and most of 
the United States. 

Alcohol has a stronger odour than the absolute, and 
contains fusel oils, which may be removed by filtering 
through charcoal, distilling over soap or permanganate 
of potassa (Attwood's patent). The solvent powers of 
alcohol are considerable; it dissolves sulphur and phos- 
phorus in small quantity, iodine and ammonia freely ; 
caustic potassa, soda, and lithia; most of the alkaloids, 
tannic acid, grape sugar, camphor, resins, balsams, vola- 
tile oils, soap ; the fixed oils sparingly, except castor oil, 
which is abundantly soluble in stronger alcohol. Most 
acids and their salts give with it, on distillation, their 
characteristic ethers. All deliquescent salts, except car- 
bonate of potassa, most of the soluble chlorides, and some 
nitrates, are soluble in alcohol ; all efflorescent salts, those 
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insoluble, or sparingly soluble in water, and the metallic 
sulphates, are insoluble. Solutions in alcohol are called 
Tinctures, or Spirits. 

The uses of alcohol are well known ; the ofl&cinal pre- 
parations into which it enters are numerous. Whiskey, 
brandy, port and sherry wines are officinal (397 >. When 
burned, alcohol yields HO and CO^; slowly oxidised, it 
furnishes aldehyde and acetic acid. 

409. Ether, Wine ether, Sulphuric ether, C4H5O. 

Prep, — By the action of HOjSOa upon alcohol. The 
products depend upon the temperature at which the mix- 
ture boils, which, in turn, depends upon the relative pro- 
portions of its constituents. Below 260^, alcohol distils 
unchanged ; between 260° and 310^, ether comes over 
with some alcohol and water ; above 320°, the mixture 
chars; oil of wine, C4H4,S03+C4H60,S03, olefiant gas, 
C4H4, and other products are obtained. By the contin uoiis 
ether process, a mixture is made in such proportions as 
to boil at about 286°, and fresh alcohol is constantly sup- 
plied so as to maintain that temperature. The sulphuric 
acid undergoes no change, and may be used for the con- 
version of an indefinite quantity of alcohol into ether. 
The theory is not well understood. It is certain that 
alcohol, C4H50,HO, under the influence of the H0,S03, 
splits up into C4H5O and HO, but why is not yet ascer- 
tained. It is generally supposed that sulphovinic acid, 
C4H50,HO,2S03, is formed and again decomposed; C4H5O, 

HO,2S03+2HO=C4H50+HO + 2(HO,S03). The ether 
and water which distil over form distinct layers, and are 
easily separated. The ether is then agitated with KO, 
00-2, and redistilled, forming the officinal j^ther. This 
yet contains alcohol and water, to remove which it is 
shaken with water to remove alcohol, then mixed with 
fused CaCl and quicklime, allowed to stand twenty-four 
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hours (to remove water) and redistilled. JSther fortior^ 
washed ether, letheon. 

Prop. — Pure ether is a colourless liquid, of a peculiar, 
pleasant odour, boiling at 98^, not frozen as yet, s. g. 
0*713, producing from its volatility cold by evaporation; 
it is very inflammable, and its vapour mixed with air ex- 
plodes. Is soluble in 10 parts water, or will take up y\j 
of that liquid. When held in the hand, it will boil vio- 
lently, if a fragment of glass be dropped into it. On 
evaporation, it should leave no empyreumatic odour, but 
only a film of tasteless moisture.* It dissolves fats and 
oils; also I, Br, P, HgCl, and most of the alkaloids. 
Is used as an anaesthetic and diffusible stimulant; ex- 
ternally, its spray is used to produce local anaesthesia 
(195). 

410. Spiritus JEtheris Compositws, Hoffman's Anodyne. 

Prep. — B. JEtheris Oj, Alcohol Oj, Olei JEtherei f^vj. 
M. The ethereal oil Oleum jEthereum^ heavy oil of 
wine, is obtained by distilling alcohol and sulphuric acid 
at a temperature between 312° to 322° ; it is diluted 
with an equal measure of washed ether. It is regarded 
as a double sulphate of ether and ethylene, C4H50,S03+ 
C4H4SO3. It is a heavy oil, sinking in water, in which it 
sparingly dissolves ; it does not precipitate with baryta, 
but forms a soluble sulphovinate of that base. 

Prop. — But little true Hoffman's Anodyne is found in 
the shops. It is sometimes adulterated with fixed oils. 
It should give no precipitate with BaCl, or only a slight 
cloudiness (absence of H0,S03). When a few drops are 
burned on a glass or porcelain plate, there is no visible 
residue, but the surface will be left with an acid taste and 
reaction. A pint of water is rendered slightly opalescent 
upon the addition of 40 drops. It is a popular stimulant 
and antispasmodic. 

27 
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411. Spiritus JEtheru Nitrosi, Sweet Spirit of Nitre. 

Prep. — By distilling ^<?id. Nitric, and Alcohol in ex- 
cess, and redistilling over carbonate of potassa. It is a 
solution of 4*3 to 5 p. c. of nitrite of ether, C4H50,NO„ in 
alcohol. Pure nitrite of ether is a yellowish liquid, of an 
agreeable smell like apples, s. g. 0*941, and boiling at 62°. 

Prop. — A colourless volatile liquid, of a fragrant, ethe- 
real odour; boils at 145^; s. g. 0-831. Becomes acid 
when kept in badly stoppered bottles, acetic acid being 
formed. It may also contain aldehyde, C^HsO^HO ; this 
gives a brown colour when mixed with solution of potassa. 
The presence of any acid in excess is shown by its action on 
litmus and by the usual tests. It is often adulterated by 
mere dilution with alcohol and water. 

Other Compounds of Ether. — The Nitrate, Sulphate, 
and Sulphite have been obtained. The acetate of ether 
(acetic ether), and chloride of ethyl, C4H5CI (muriatic 
ether), are sometimes used in medicine. The iodide of 
ethyl is much used in chemical research ; the bromide and 
cyanide are also known ; in fact, the entire series of com- 
pounds of ethyl with the amphigens and halogens, and of 
ether with the acids, is nearly complete. 

411 b. Chloral, C4Cl80,HO, is made by the action of 
chlorine in absolute alcohol. It is a pungent, oily fluid. 
The hydrate C4Cl80,HO+2HO is a white solid, freely solu- 
ble in water and volatilised unchanged by heat. It has 
been received with much favour as an hypnotic. Dose, 30 
to 60 grains. Its disagreeable taste may be disguised by 
adding chloroform to an emulsion containing it in the pro- 
portion of one grain to fifty of the hydrate. It has been 
supposed that it is changed in the circulation into chlo- 
roform ; this is doubtful. 

412. Acetic Acid, HO,C4H803. 

May be formed, (1) By the direct oxidation of alcohol ; 



ORQANIG GHEMISTRT. 315 

(2) by the oxidation of alcohol by means of a ferment ; 

(3) by the distillation of wood. It exists in the sweat 
and some other secretions. 

1. Platinum black possesses the power of directly oxi- 
dising alcohol, being itself anchanged. This plan has 
been tried in the manufacture of vinegar (Dobereiner's 
process), but is not economical on account of the high 
first cost of platinum black. 

2. Weak (not over 10 p. c.) alcohol, such as stale beer, 
cider, wine, etc., mixed with a ferment (vinegar is the 
best), and exposed to a somewhat elevated temperature, 
74° to 86®, absorbs oxygen, and gradually becomes acetic 
acid. The stronger the alcoholic solution, the slower the 
process ; under favourable circumstances it is complete in 
from 4 to 6 weeks. The process is often aecompanied 
by the development of a plant, the mycoderma aceti, or 
mother of vinegar. Frequently flies, muacse cellaris, and 
eels, vibriones aceti, are found ; and if made of weak alco- 
hol, it will sometimes undergo a sort of viscous or putre- 
factive fermentation. This is prevented by adding a Jittle 
alcohol after the change is complete (402)* 

In the quick vinegar process, the "wash" or weak 
alcohol is passed through beech shavings or powdered 
charcoal moistened with vinegar, air l)eing freely supplied. 
A perceptible elevation of temperature is noticed, fiisel 
oils are oxidised into ethers, and the process is complete 
in a day. On the large scale, common whiskey is used. 

3. During the distillation of wood, especially the harder 
varieties, a large quantity of acetic acid is formed which 
is charged with tarry matters, crude pyroligneous acid. 
By saturating this with lime, the tarry matters are left, 
and by decomposition with H0,S03, the acetic acid is 
obtained. 

Monohydraied acetic acid, glacial acetic acid, ice vinegar, 
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may be procured by distilling 83 parts by weight of fused 
acetate of soda and 100 of H0,S08. It is a volatile, in- 
flammable liquid, boiling at 248°, and solid at 40°. It 
blisters the skin, and is soluble in water, alcohol, and 
ether; dissolves camphor, the volatile oils, and several 
resins. The anhydrous acid has been obtained. Acetic 
acid is officinal as Aceluni, Acetum destillaium, Acidum 
aceticum, and Acidum Aceticum dilutum. The Aceta 
Colcheci, Lohelise^ Opii, Sanguinariae^ Scillae, are also 
officinal. 

Acetum, Vinegar. — Impure dilute acetic acid, obtained 
by ferniontation. 

Prop. — A well-known liquid, of an agreeable, acid smell 
and taste. It contains, besides acetic acid and water, 
gum, sugar, gluten, sulphates, and often tartaric and malic 
acids. Sulphuric acid is detected by boiling with CaCl, 
(BaCl would be decomposed by sulphates existing nor- 
mally;, HCl by AgOjNOg, and injurious metals by HS. 
A fluidounce is saturated by not less than gr xxxv Potass, 
bicarb.j and after saturation the liquid is free from acrid 
taste. 

Acetum de^lillatum, made by distilling from Oviii Aceii 
to Ovij. It contains a little aldehyde. It is wholly volatil- 
ised by heat, and is not afiFected by the tests for the metals 
generally. It is of about the same strength as Acid. 
acetic, dilut.; 100 grains should saturate not less than 7*6 
grs Potasfi. bicarb. (5^ p. c. of HO,C4H803). 

Acidum Aceticum, — Acetic acid, s. g. 1*047. 

Prop. — A colourless liquid, having a pungent odour ; is 
wholly volatilised by heat, and not afiFected by the tests 
for H0,S03, HCl, or the metals. One hundred grains satu- 
rate gr Ix Potass, bicarb., and contain gr xxvi HO,C4H803. 
A convenient method of determining the strength of vin- 
egar is to suspend in it a weighed fragment of pure marble ; 
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when action has ceased, wash, dry, and weigh it. The 
loss will be five-sixths of the HO,C4H30s present ; CaO, 
CO2=50; HO,C4H3O3=60. 

Aciduni Acettcum dilutum. — R. Acid. Acetic. Oj, Aqux 
DefUillatm Ovii, M. ; s, g. 1'006. 100 grs saturate 7*6 grs. 
Potass, bicarb. It contains 5 p. c. of monoh jdrated acid. 

413. Butyric Acid, HO,C8H703. 

Prep. — By the butyric fermentation (401). Exists free 
in putrid flesh, sweat of the feet, armpits, etc.; privies, 
sauerkrautf Limburger cheese, etc. ; and combined in butter 
and cheese. 

Prop. — Is an offensive, inflammable liquid, boiling at 
157°, and solid at —133° The butyrate of ether, butyric 
ether, C4H60,C8H70s, when dilated, has the odour of pine- 
apples, and is used in making confectionery and factitious 
brandy. 

414. Amylic Alcohol, Alcohol Amylicum, fusel oil, Cw 
H„0,HO. 

Prep. — By continuing the distillation of crude com 
or potato whiskey, after the greater part of the alcohol 
has come over. The name is also applied by distillers to 
the light oils which eoine over at the beginning of the 
process. 

Prop. — When pure, a colourless, oily liquid, of char- 
acteristic odour, producing much irritation of the fauces 
when inhaled, and poisonous ; s. g. 0818 ; boils at 269°, 
solid at — 4°. Is sparingly soluble in water, freely so in 
alcohol and ether. It burns with difl&culty, dissolves fats, 
resins, camphor, sulphur, and phosphorus. 

Amylene, CwHio, has been used as an aneesthetic, but 
abandoned ia.s dangerous. 

415. Valerianic Acid, Acidum Valerianicum, HO,Cio 

HgOs. 

Prep. — By oxidising fusel oil ; generally, by the action 
27* 



318 MEBIOAL CHEMISTRY. 

of KO,2CrO, and H0,S08. Exists in valerian root and 
other vegetables ; does not exist in the animal organism. 
The same is true generally of the acids of this group, the 
carbon of which is not divisible by 4. 

Prop. — A colourless liquid, of an acrid, burning taste, 
boiling at 176°, and soluble in 26 parts water. The vale- 
rianates of soda, ammonia, zinc, and quinia are officinal, 
and that of morphia is much used. They are all anti- 
spasmodic. The acid is not given in the free state. 

The acids homologous (384) with valerianic, and higher in 
the series, are numerous ; some will be considered under 
the head of Fats. Caproic, HO,C,2H„03; Caprylic, HO, 
CieHisOs ; Capric, HOjCaoHigOg, accompany butyric acid in 
the sweat, etc. ; Pelargonic acid CigHnOs, combined with 
C4H5O, in the bouquet of wine, and in the quince ; it may 
be made artificially by the oxidation of oil of rue. 

Valerianate of the oxide of amyl, C,oH„0, C10H9O3, di- 
luted, gives artificial apple essence ; acetate of the same, 
CioHiiO, C4H3O3, the pear essence ; coccinate of oxide of 
ethyl, C4H5O, C26H25O3, the quince. Mixtures of these give 
various other fruit essences. Butyric ether has been be- 
fore mentioned. 
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in. RADICALS NOT HOMOLOGOUS WITH 

ETHYL. 

416. Benzyl, or Benzoxyl, CuHisOg. — Has been isolated 
as a colourless, fragrant liquid. 

Hydride of Benzyl, C,2H602,H, Oil of bitter almonds; 
Oleum Amygdalae amarae. 

Prep, — By distilling the bitter almond with water. It 
does not pre-exist in the kernels, but results from a quasi 
fermentation of Amygdalin, C40H27NO22, under the influence 
of a pulpy, albuminous substance, Syneptase ; glucose and 
hydrocyanic acid being formed at the same time. 

Prop. — The officinal (crude) oil has a yellowish colour, 
bitter, acrid, burning taste, and characteristic odour, s. g. 
1*052 to 1*082. It contains HCy, and is sometimes pre- 
scribed as a sedative. As the proportion of this active in- 
gredient is variable, bitter almond oil should never be em- 
ployed. When used as a flavoring material for cakes, the 
HCy is driven off during the baking. The pure oil is 
colourless, s. g. 1*043, inflammable, soluble in 30 parts 
water, and freely in alcohol and ether ; it is not poisonous. 
On exposure to the air it oxidises to benzoic acid. 

417. Benzoic Acid, Addum Benzoicum, C,4H602,0,HO, 
is the alcohol of the series ; the anhydrous acid has been 
obtained. 

Prep. — From the true balsams, generally by sublima- 
tion from gum benzoin ; also by boiling the gum with 
lime, and precipitating the benzoic acid by HCl. Is also 
procured from the putrid urine of horses and cows, occur- 
ring here from the decomposition of hippuric acid. 

Prop. — When obtained by sublimation, is in light, 
feathery, colourless crystals, having a faint, agreeable 
smell, melting a little below 212°, soluble in 200 parts 
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cold and 25 of boiling water ; its solubility may be in- 
creased by the addition of borax or phosphate of soda. It 
is freely soluble in alcohol. Benzoic acid is an ingredient 
in paregoric ; it has been used in renal and vesical affec- 
tions. The benzoates are all soluble. By distilling the 
benzoate of copper, an oil haying the odour of the rose 
geranium is obtained, which is Benzyl, the radical of the 
series ; by the action of KO,HO it is converted into ben- 
zoic acid. Among the products of the destructive distilla- 
tion of benzoate of ammonia is benzonitrile, CisHsCjN, 
which has exactly the odour of the bitter almond oil ; it 
must not be confounded with nitrobenzol, C12H5NO4, which 
has somewhat similar properties. 

418. Benzole, CiaHe. 

Prep, — By distilling benzoic acid with lime, or in the 
more volatile. portion of the oil obtained by distilling coal- 
tar. The benzine obtained from petroleum is a distinct 
body ; it is used as a substitute for turpentine, and to di&- 
solve grease, India-rubber, etc. 

Prop, — A thin, limpid, colourless, inflammable liquid, 
8. g. 0-855, boils at 176°, solid at 32°. It may be re- 
garded as the hydride of the radical Phenyl, CigHj, of 
whif^h henzomtrile. is the cyanide, C,2H5C2N. Nitroben- 

H * 

zoUy a substitution compound, C,2— -^, and Phenic or car- 
bolic acid, C,2H60,HO, the alcohol.' 

Nitrobenzole, Essence of Mirhftne, C12H6NO4. 

Prep.— By the action of H0,N05 upon CaH«. Ben- 
zine from petroleum does not yield it. 

Prop. — A heavy, yellowish, sweet liquid; s.g. 1*209; 
having an odour resembling somewhat that of bitter 
almonds, or the vernal grass. It boils at 415®, is insolu- 
ble in water. Is used in perfumery. Is highly poisonous, 
whether inhaled or swallowed; the symptoms in some 
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cases not appearing for days after it has been taken 
(Letheby). Is converted by nascent hydrogen into anir 
line, C,2H5N04+H6=NC,2H7 + 4HO, and is found as such 
in the tissues and secretions after death. 

Phenic, or Carbolic Acid, C,2H50,HO. 

Prep. — Is among the products of the distillation of 
coal-tar. 

Prop. — ^When pure, a colourless, deliquescent, crystalline 
solid, having an odour like creasote, and a caustic taste. 
It fuses at 95°, and vaporises at 370°. Is used as a caus- 
tic and antiseptic. Cresylic acid, CmHsOz, also obtained 
from coal-tar, resembles carbolic acid in its properties. 

420. Kakodyl, C4H6As=2(C2H3)As, or Kd. 

Forms a large series of compounds mostly of a highly 
ofiFensive and poisonous character. The radical itself has 
been isolated as a thin, colourless liquid, and from it all 
the compounds may be directly formed, giving us the most 
perfect example of a quasi metal known. It may be 
regarded as a conjugate compound of two eq. of methyl 
and one of arsenic. 

Oxide of Kakodyl, C4H6As,0, orKdO, Alkarsin, Fuming 
Liquor of Cadet. 

Prep, — By distilling equal weights of acetate of po- 
tassa and ar^enious acid. May be formed by the direct 
union of kakodyl with oxygen. 

Prop. — A colourless, ethereal liquid, of a highly ofiFen- 
sive smell, irritating the nose and eyes, and very poison- 
ous. Boils at about 302°; s. g. 1*462. Takes fire sponta- 
neously in the air, burning with a pale flame, producing 
carbonic acid, water, and arsenious acid. 

From the oxide, the other members of the series may be 
formed. The chloride and cyanide are especially poison- 
ous. Kakodylic acid, KdOg, Alkargen, formed by the oxi- 
dation of Kd or KdO, is a solid, soluble in water and 
alcohol, and not poisonous. 
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IV. ORGANIC ACIDS. 

Not oxides of known radicals, and not otherwise classi- 
fied. 

Tartaric, 2HO,C8H40«,. 

Racemic, 2HO,C8H40m,. 

Citric, 3HO,C«H50„+ HO. 

Malic, 2H0, CgH^Og. 

Tannic, 3HO,C„HmO„. 

GaUic, 3H0,CuH80,. 

Pyrogallic, CuHeO«. 
Metagallic, C12H1O4. 

421. (a) Tartaric Add, Acidum Tartaricum, 2HO,08 

H^Ok, 

The acid of grapes, tamarinds, etc.; is obtained from the 
deposit in wine casks (Argols, Crude Tartar), which is im- 
pure Acid Tartrate (Bitartrate) of Potassa. 

Prep. — By decomposing the acid tartrate of potassa, by 
carbonate of lime ; and the resulting tartrate of lime, by 
sulphuric acid. 

Prop. — Transparent, colourless crystals (4th system), 
containing two eq. of basic water. It is soluble in its 
weight of cold, and one-half its weight of boiling water. 
Forms tartrates, of which those of potassa, and the double 
salts of potassa and soda, of iron and potassa, and of anti- 
mony and potassa, are officinal. 

Tests. — Gives white precipitates with lime and baryta 
water, and acetate of lead ; soluble in excess. With po- 
tassa, when the acid is in excess, a sparingly soluble white 
acid tartrate (Bitartrate). Used in preparing efiFervescing 
mixtures, as the soda and Seidlitz powders ; also, as a 
cheap substitute for lemon-juice or citric acid. 
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(6) Racemlc Acid, 2HO,C8H40,o. — Is found in the 
juice of sour grapes. It is isomeric with tartaric acid, 
which it closely resembles in all its physical and chemical . 
properties. It may be distinguished by its affording a pre- 
cipitate with CaCl. 

422. (c) Citric Acid, Acidum CitHcum, 3HO,C,2H50„. 
The acid of lemons, limes, etc. 

Prep, — By saturating lemon-juice with chalk, and de- 
composing the citrate of lime thus formed by sulphuric 
acid. 

Prop, — Transparent, right rhomboidal crystals (4th 
system), permanent in the air ; soluble in | its weight of 
cold and ^ of boiling water. The crystals contain four 
eq. water, three of which are basic ; it is, therefore, tri- 
basic. It forms citrates, of which those of potassa, mag- 
nesia, and iron are officinal. It should give no precipitate 
with a potassa salt. 

Testa. — The citrates of lime, baryta, strontia, lead, 
and silver are insoluble and white. 

Med, Effects, — XJsed in making acidulous drinks and 
effervescing draughts. 

{d) Malic Acid. — The acids of apples, pears, garden j 

rhubarb, etc. 

Prop, — It is bibasic, and forms malates. Is not used ' 

in medicine. 

(g) Tannic Acid, Acidum Tannicum, 

423. (/) Gallic Acid, Acidum Oallicum. \ 
These acids constitute the astringent principle of vege- 
tables. Their acid character is not very marked. 

Prep, — Tannic acid is best prepared on the small scale, 
by pouring ordinary ether upon powdered galls in a dis- 
placement apparatus. The water of the ether dissolves 
the tannic acid, while the ether retains the impurities. 
The two separate into layers ; they are separated, and 
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the tannic acid obtained by careful eFaporation of the 
lower. 

Prop, — Tannic acid is a slightly yellowish, friable, 
porous mass, without the slightest tendency to crystalli- 
sation. It has a pure, astringent taste ; is freely soluble 
in water, alcohol, ether, and glycerine ; reddens litmus. 
It precipitates albumen, gelatin, starch, gluten ; the salts 
o'f lead, copper, silver, mercury, teroxide of antimony, 
protoxide of tin, sesquioxide of iron ; sulphuric, nitric, 
hydrochloric, phosphoric, and arsenic acids insoluble in 
excess of acid ; the alkaloids, the precipitate being solu- 
ble in the vegetable acids, — hence it is not to be fully 
relied on as an antidote. 

A number of varieties of tannic acid are .enumerated, that 
from galls being distinguished as ^aZ/o-tannic acid. The most 
importaiit of these are : Catechu-tannic, from catechu ; this does 
not precipitate tartar emetic, but throws down a grayish-green 
precipitate with the ferrous, and a brownish-green one with the 
ferric salts. Cocco-tannic, from kino, does not precipitat-e tartar 
emetic. Querco-tannic, from oak-bark, does not yield gallic 
acid. 

424. Gallic Acid. — Prep. By the spontaneous fermen- 
tation of tannic acid when kept moist in a warm place for 
about a month. Oxygen is absorbed and an equal volume 
CO2 evolved. 

Prop. — In white, silky crystals, which melt and bum 
when heated, soluble in 100 parts of cold and 3 of boiling 
water. It does not precipitate gelatine or albumen. It 
gives a blue-black precipitate with the ferric salts, which 
disappears on heating the liquid. 

Pyrogallic Acid, CiHgOg, is prepared by heating gallic 
acid to about 420^ ; it sublimes in the form of brilliant 
white plates. C,4H60,o=C,2H6064-2C02. 

Prop. — It is soluble in water, has energetic reducing 
jjowers, and hence is used as developer in photography. 
The pyrogallate of potassa absorbs a considerable por- 
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tion of oxygen, and has been used in the analysis of air. 
Upon the application of heat, water is evolved, and metO' 
gallic acid remains; Ci2H60e=C,2H404+2HO. It is a 
black, shining mass, resembling charcoal, insoluble in 
water, soluble in alkaline solutions, from which it is again 
precipitated black by acids. 



V. ARTIFICIAL ORGANIC BASES. 

425. These are exceedingly numerous ; they are mostly 
substitution compounds (383). The following examples 
will illustrate the almost infinite number which may exist. 

(1) In dry ammonia, NH3, one, two, or three equivalents 
of H may be replaced by the same or by different radicals. 
Thus, NH2,C4H5 e^/i«/Z-amine, NH(C4H5)2 die<%Z-amine, 
and N(C4H5)3 <ri^/ii/Z-amine ; XC2H3, C4H5, CioH,o, methyl-, 
ethyl-, ami/Z-amine. These bodies have all more or less 
physical analogy to NH3, and are all well-marked bases. 
Where one of H is replaced, an amidogen base is formed ; 
where two of H, an imidogen, and where all the H, a 
nitrile, 

(2) Ammonium, NH4, is known only in combination 
(275). In its compounds we may in like manner replace 
the H. Thus NH4CI may become chloride of ethylammo- 
nium, NH3C4H5CI, or diethylammonium, NH3(C4H6)2C1, 
etc. ; or we may replace the H by distinct radicals, as NCj 
H3, C4H6C,2H5, C,oH„Cl, chloride of methyl-, ethyl-, phenyl-, 
amyl-ammonium. Like ammonium, these substitution 
products are not isolable, but as hydrated oxides they 
form bases analogous to Nn40,H0. 

(3) The H of the introduced radical may be further re- 

28 
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placed by the halogens, N04,and certain metals and radicals. 
Thus in the aniline series : 

Aniline, Phenyl-amine, NHjjCuHs. 

Chloraniline, NH,C,2H4C1. 

Bromaniline, NHjO ,2H4Br. 

Bibromaniline, NHjC n^fir^ 

Tribromaniline, N HjC wHaBrj. 

Nitraniline, NHaC„H4(N04). 

Zincaniline, NH2C,2H4Zn. 

Ethylaniline, NH2C,2H4(C4H5). 

(4) The nitrogen of the ammonia, or ammonium, ma> 
be replaced by P, As, or Sb. Thus : 
P(C4H6)3, Triethylphosphine. 
Sb(C4H5)4l, Iodide of tetrethylestibammonium. 
As(C4H6)3, Triethylarsine. 

These compounds are sometimes found in organic bodies, 
or as products. of their decomposition. 

426. Propylamine, CeHgN^NHjCeHT, is metameric (384) 
with Ethylmethylamine, NH,C2H3,C4H5, and Trimethyl- 
amine, N(C2H3)8. 

It may be obtained from the following bodies by distil- 
lation with lime or potassa — narcotina, codeia, and ergot ; 
it exists also in bone oil, the leaves of Chenopodium vul- 
varia, several species of Crataegus (white thorn), herring 
or cod-fish pickle, alcohol in which anatomical preparations 
have been kept, human urine, etc. It is probable that in 
some cases the bodies extracted are not identical ; that 
from herring pickle is trimethylamine. 

Frop, — It is a clear liquid, of a pungent, ammoniacal 
odour, and giving white fumes when a rod dipped in HCl 
is held near it. That from narcotine and herring pickle 
has a fish-smell like many of the methyl compounds. The 
muriate has been used in rheumatism, in dose of gr iij to v. 
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Aniline^ Phenylaniine, NHjCuHg. 

Frep. — By the action of nascent H upon Nitrobenzolo 
(418) ; CwH5N04+He=NH,C«H5+6HO. 

Prop. — A colourless oil, of an aromatic odour and vi- 
nous taste ; s. g. 1*2 ; boils at 360^. Its salts and deriva- 
tives are used as colouring matters. It is poisonous like 
Nitrobenzole, but the symptoms are not delayed as in the 
former. Its sulphate is less poisonous; it has been ad- 
ministered in chorea in doses of gr j to vii. It produces 
a transient blueness of the skin and lips. Aniline is de- 
tected by the blue colour it affords with hypochlorite of 
lime. 



VI. THE ALKALOIDS AND ALLIED 

PEINCIPLES. 

Syllabus. 



Morphia, 

Narcotina, 

Codeia, 

Thebaina, 

Narceina, 

Opiana, 

Papaverina, 

Phormia, 



C34H,9N06+2HO. 

C44H23NOU+2HO.? 

C36H2iN06+2HO. 

Ca^HnNOe. 

C46ll29^v)i8. 

C^oHjiNOg. 



Metamorphia, C^Hi^NCe. 



Quinia, 

Quinidia, 

Cinchonia, 

Cinchonidia, 

Strychnia, 

Brucia, 



C4oHa4N204+6HO. 
C4oHa4N204+2HO. 

C'40rl24iM 2^2* 
L/4o-tL24iN 2O2. 

\j 42 rl22^ 2^4* 
C46Ha6N208+8HO. 
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Igasuria, C44H28N2O8. 

Veratria, C64H5aN20,e. 

Aconitia, CeoH47NOK. 

Atropia, CsiHsNOe. 

Emetia, C20H15NO5. 

Berberina, C^oHnNOg. 

Bebeerina, CaeHjiNOg. 

Delphia, C27H46NOa. 

Piperina, C34Hi9NOa, 

CaflFeina, C,6H,oN,04+ 2H0. 

Theobromina, C,4H8N404. 

Conia, CwHjsN. 

Conhydrina, CieHnNOg. 

Nicotina, C10H7N. 

Picrotoxine, C20H12O8. 

Santonine, CaoHigOg. 

Phloridzin, C42Ha402o+ 4H0. 

THE ALKALOroS. 

427. The term alkaloid has been applied to the bases ex- 
isting in vegetables and upon which their activity depends ; 
closely allied to them are certain neuter and acid bodies 
derived from similar sources. The alkaloids always exist 
in combination with an acid, which is generally common 
to all the bases of the same plant. Only the most impor- 
tant will be considered. 

Prep. — This is almost always conducted on the large 
scale. The following may be given as a sketch of the 
process, which however varies greatly. A solution of the 
principles of the plant is made in water ; acid being 
added, if necessary. To this is added a base which unites 
with the vegetable acid, and the alkaloids, being insoluble 
in water, precipitate. They are dissolved by hot alcohol, 
and purified by animal charcoal. 
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Prop. — They are generally solid and crystalline, in- 
soluble or nearly so in water^ more soluble in alcohol, 
ether, and chloroform, and freely so in dilute acids with 
which they combine. They have all a more or less distinct 
alkaline reaction. Their taste as well as that of their 
salts is bitter, and they are mostly poisonous. Tannic 
acid, which precipitates all of them from solution, and ani- 
mal charcoal, are most to be relied on as antidotes, the 
stomach being always promptly and thoroughly evacuated, 
and the general symptoms combated by appropriate meas- 
ures. BouchardeVs Antidote consists of gr iij lodinii^ gr 
vj Potass, iodid. in Oj AquaSj given in wineglassful doses ; 
it is contraindicatcd in poisoning by digitaline. 

Tests. — The separation of the alkaloids in cases of 
poisoning is difficult, and it is impossible to enter into 
details in a work of this compass. The general methods 
followed are: 

(1) Dialysis. — The contents of the stomach, acidulated 
with acetic acid, are placed in a basin over which a bladder 
is tied ; it is then inverted in a vessel of distilled water. 
In the course of 48 hours the alkaloid will be found in the 
latter, which is then to be cautiously evaporated to dry- 
ness (Letheby). 

(2) By Animal Charcoal. — The suspected liquid, neutral 
or nearly so, is digested for several hours, with occasional 
shaking with two or three ounces of pure animal charcoal, 
which absorbs the alkaloid. After draining and washing 
with cold water, the charcoal is boiled with about half a 
pint of stronger alcohol for half an hour, in a long-necked 
'^essel to prevent much loss by evaporation. The alcohol 
is distilled off, the residual aqueous solution of the alkaloids 
heated with a few drops of liq. potassae, and agitated with 
ether. This will remove all alkaloids soluble in that men- 
struum (Graham and Hofmann). 

28" 
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(3) Merckrs process consists in the use of strong acetic 
acid, and afterwards of alcohol alone and acidulated with 
acetic acid, evaporating nearly to dryness, neutralising 
with carbonate of potassa to precipitate the alkaloids; 
these are washed with cold distilled water, and again dis- 
solved in concentrated acetic acid. 

(4) Stds^s process consists in extracting the alkaloids by 
digesting with strong alcohol acidulated with tartaric acid, 
precipitating by bicarbonate of soda, and redissolving in 
ether. 

Even when the alkaloids are obtained in a tolerably 
pure state, the tests require great caution to avoid fallacy. 
For the quantitative determination of alkaloids in phar- 
maceutical preparations the iodohydrargyrate of potassium 
(36T) may be used. Aconitia and Berberina require an 
amount of the solution equal to one equivalent of mercury ; 
Atropia, Strychnia, Brucia, Narcotina, and Veratria, equal 
to 2 eqs. ; Morphia and Conia, 3 eqs. ; Nicotina 4, and 
Cinchona alkaloids 6 eqs. 

428. Alkaloids of Opium. — These are Morphia, Nar- 
cotina, Codeia, Thebaina, Narceina, Papaverina, Phormia, 
Opiana, Cryptopia, and Metamorphia. They exist in 
combination with Meconic acid, 3HO,CuHOn-f-6HO. 

General Testa for Opium. — The presence of meconic 
acid is conclusive. It is extracted by means of alcohol 
acidulated with HCl, the solution evaporated to dryness, 
redissolved, neutralised with magnesia, and again acidu- 
lated with HCl. The solution strikes like the sulphocy- 
anides a blood-red colour with ferric salts. That of Me- 
conic acid is not affected by a solution of terchloride of 
gold. 

Morphia, — Prop, Small, brilliant, transparent, colour- 
less, rectangular crystals (3d system), soluble in 1000 
parts cold, 400 boiling water, 14 parts boiling and 20 of 
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cold alcoholj 200 of chloroform; freely in fixed alkalies, 
sparingly in ammonia; is insoluble in ether. By the 
action of acids forms a series of soluble, colourless, bitter 
salts. It is fusible without decomposition, and entirely 
volatilised by heat. It strikes a blood-red colour with 
nitric acid ; (so do Brucia, Delphia, and commercial Strych- 
nia.) It decomposes iodic acid, liberating iodine. In 
powder or concentrated solution, it gives a characteristic 
blue colour with FegClj. The salts of morphia, which are 
made by direct combination, are colourless, soluble in 
water and alcohol, and insoluble in ether. Morphise sul- 
phas is in feathery crystals, sometimes mistaken for 
Quinise sulphas ; it is freely soluble ; the crystals contain 
5 eq. of water of crystallisation. The Liquor Morphias 
Sulphatis contains gr j to f^j Aquae. Morphias Murias is 
rather more soluble ; Morphias acetas is generally in pow- 
der, requiring a little free dilute acetic acid to render it 
freely soluble. The Yalerianate is much used. Dose of 
Morphia and its salts, gr ^ to ^. 

Narcotina, C44H23NO14 + 2H0 ? — Is separated from 
opium or morphia by ether, in 100 parts of which cold or 
60 boiling it is soluble. It is insipid, feebly basic, gives 
an orange tint with nitric acid, and a greasy stain to paper 
when melted on it ; sulphuric acid, with a trace of nitric, 
gives a blood-red colour. It is not narcotic, and has been 
employed as an antiperiodic in as large a dose as gij. 
Proper dose, gr v to x. Is but little used. 

Godeia, C36H21NO6+2HO. — Is freely soluble in alcohol, 

ether, and in 80 parts cold and IT of boiling water. It does 

not react with ferric salts ; is coloured yellow by nitric acid. 

It produces tranquil sleep and much itching of the skin. 

Is less active than morphia ; is given in doses of } to } gr. 

It is generally present in commercial salts of morphia. 

Narceia, C46H29NO18. — Is insoluble in ether, soluble in 
29* 
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230 parts of boiling water, and readily in alkaline solu- 
tions ; it combines with difficulty with mineral acids ; its 
salts are coloured blue by a little water, become colourless 
on dilution, and blue again on abstracting a portion of the 
water by fused chloride of calcium. 

Cryptopict, OmHsNOiq, exists in opium in very small 
quantity. It is, perhaps, an educt of Thebaina. 

Thebaina^ or Paramorphia, C^HuNOe. — Resembles in 
appearai.ce narcotina ; soluble in ether and alcohol, but 
nearly insoluble in water. It is crystallisable with diffi- 
culty ; the same is true of its salts. The solution of its 
muriate leaves a resinous mass on evaporation. It is the 
most poisonous of the opium alkaloids, but is not narcotic ; 
causes tetanus (Magendie) ; is excitant to the cervical part 
of the spinal cord (Ozanman). 

Papaverinay C^HnNOg. — In small crystals, which give 
a blue colour with HOjSOj ; with HCl in excess forms in- 
soluble crystals of a high refractive power. It is insoluble 
in water, and sparingly soluble in alcohol and ether. It is 
rather stimulant than narcotic in its effects. 

Phormiay or Paeudomorphia, CsrHjNOy, occurs but sel- 
dom in opium. Its reactions with nitric acid and the ferric 
salts are similar to those of morphia, but it is not poison- 
ous. It does not decompose iodic acid. 

Opiana, C^'K^fi^. — Is soluble in alcohol and ether. 
Paper moistened with it becomes red on exposure to the 
fumes of HCl (Merck's test for opium). Metamorphia is 
unimportant. 

429. Alkaloids of Ginchona. 

These are Quinia, Quinidia, Cinchonia, and Cinchonidia, 
which exist in combination with Kinic acid, 2HO,CuH,oOi0. 
Quinia, CoHj^NjO^+BHO. 



OBQANIO CHEMISTRY. 333 

Prop. — Is generally floceulent, buj may be obtained in 
crystals ; fuses at 300° without change ; is soluble in 400 
parts cold and 250 of boiling water ; in two parts of alco- 
hol or chloroform, and 60 of ether; also soluble in the 
fixed and volatile oils. Its salts are sparingly soluble in 
water, unless an excess of acid be present. The tannate, 
tartrate, oxalate, and acetate are insoluble ; tartaric acid 
does not cause a precipitate with acid watery solutions of 
the sulphate. The alkaloid and its salts are characterised 
by the emerald-green colour produced by the action of 
chlorine water followed by ammonia. Quinidia, which 
gives a similar result, is distinguished by sparing solu- 
bility in ether. A solution of the sulphate, mixed with a 
little acetic acid and alcohol, gives with tincture of iodine 
emerald-green plates, which are nearly colourless by trans- 
mitted light, which ihej polarise (Herapath^s salt, artificial 
tourmaline). Aqueous solutions of its salts are fluores- 
cent, that is, render visible the chemical rays of light. 
The sulphate and valerianate are the only officinal salts. 
A fluorescent substance resembling quinia has been found 
in the tissues of animals by Dr. H. Bence Jones and Dr. 
Dupr^.* As it is uncrystallisable, they have named it 
Animal Quinoidin. 

Quinise Sulphas. — In silky crystals, containing 6 eq. of 
water of crystallisation and two of constituent water. It 
loses 4 eq. of the former at 212^, and two more at 240°. 
It melts at the latter temperature into a waxy mass. Is 
soluble in 740 parts of cold or 30 of boiling water ; the 
latter deposits the excess on cooling; in 60 parts cold 
alcohol, very slightly in ether, freely in glycerine. Two 
dro]gs to the grain of Add. Sulph. Aromat., dissolve it, 
a ad gtt xxiv to gr xx make an excellent pilular mass 

* Ohem. News, No. 334 p. 197. 
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(Parrish) ; the officinal pills, which contain eacli gr j, be- 
come hard and are difficult of solution. Incompatibles. — 
The alkalies, their carbonates, the alkaline earths, vege- 
table astringents, salts of lead and baryta. AduUeror 
tions, — Water, known by the loss of weight in drying at 
212^. Quinine is hydroscopic, absorbing in a moist 
atmosphere 53 p. c Chalky magnesia, mannitey gum, 
%nd other similar adulterations, are insoluble in alcohol. 
The salt should be entirely volatilised at a red heat, and 
should not effervesce or blacken with HOySOg. Salicin 
gives a blood-red tinge with H0,S03 ; Phloridzin, a yel- 
low ; Ginchonia gives a precipitate with KjCfy, insoluble 
in excess ; also with CaCl. 

Quiniae Valerianae. — Is in white tables, having the 
odour of valerianic acid, and an unpleasant taste ; is sol- 
uble in 110 parts cold or 40 of boiling water, which de- 
composes it ; 6 of cold and 1 of hot alcohol, and in ether. 
It slowly decomposes. Dose, gr i to v. 

Quinidia is isomeric with Quinia, and only distinguished 
by its slight solubility in ether, and by its affording a 
sparingly soluble precipitate with KI. Its medical effects 
and dose are the same. 

Ginchonia, C40H24N2O2. — Differs from quinia only in 
containing 2 equivalents less of 0. It is insoluble in 
ether, yields, when treated like quinia with iodine, a brick- 
red deposit ; with ammonia and chlorine water gives a 
white deposit. Is used as a substitute for Quinia, but 
requires to be given in larger doses. Cinch oniae Sulphas 
is officinal. Its crystals are anhydrous, distinct, and not 
silky like those of Quinise Sulph. 

Ginchonidia, C4oH2i,N202. — Isomeric with Ginchonia; 
constitutes the bulk of commercial quinidia. It gives the 
same reaction as quinia with the iodine test, and as cin- 
chonine with chlorine water and ammonia. The oxalate 
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of commercial quinidia (a mixture of quinidia and cincho- 
nidia) is soluble and may be crystallised ; that of quinia 
is insoluble. 

By the action of heat on the acid sulphates of quinia 
and cinchonia, isomeric bodies, quinicia and cinchonicia are 
obtained. They are not important. 

Quinoidine, or GhinoiMne, appears to be a mixture of 
uncrystallisable Quinia and Cinchonia ; it is sold as Ex* 
tract of Bark. It is soluble in Add, Sulph. arofnat.f and 
is given for the same purposes as Quinia, in doses twice 
as large. 

430. Strychnia, C42HJ2N2O4. 

Sources, — Together with Brucia, and combined with 
Igasuric acid, CbH^Oio?, in Nux Vomica, St, Ignatius' 
bean, false Augustura, and the Upas. 

Properties, — Is generally in powder, but may be ol> 
tained in right square prisms (2d system) of an intensely 
bitter taste said to be perceptible in 600,000 parts of water. 
Soluble in 6667 parts of water at 50'', and 2000 at 212^, 
in 387 of officinal alcohol, 179 of absolute alcohol, 682 of 
ether, and 5 of chloroform, its best solvent; also in the 
volatile oils and acid solutions. It melts, but does not 
volatilise. Its salts are soluble, crystalline, and, like the 
alkaloid, highly poisonous, one grain having proved 
fatal. It produces tetanic symptoms which come on soon 
after it has been taken. Lard and camphor have been 
proposed as special antidotes in addition to the general 
ones already mentioned. The tetanic symptoms are best 
combated by chloroform. 

Tests, — (1) Evaporate the suspected solution to dryness, 
ivdd a drop of concentrated sulphuric acid, and then a 
small crystal of bichromate of potassa ; a blue colour is 
produced which changes to purple, violet, and crimson. 

This, it is stated, will detect the -sxsjyujiji P^'ri; of a grain. 
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(2) The siuspected solution is applied to the back, pre- 
viously dried, of a young frog fresh from the pond, or is 
injected into the stomach. Tetanic symptoms reveal the 
presence of the poison. Pure strychnia is coloured yellow 
by HOjNOs, out owing to the presence of Brucia, the 
commercial drug is tinged orange or red. 

Strychniss Sulphas, — In colourless, efflorescent crystals, 
wholly volatilised by heat and soluble in water. Dose of 
strychnia and its salts, j\ gr. gradually increased. 

Bruciay C46H26N2O8+8HO. — Is more soluble than 
strychnia, requiring but 850 parts of cold and 500 of boil- 
ing water ; is very soluble in alcohol, insoluble in ether. 
Tests. — A blood-red colour with H0,N05, changing to 
yellow with heat, and violet with SnCl (distinction from 
Delphia, which becomes black and carbonaceous by SnCl). 
Does not decompose IO5 (distinction from morphia). In 
its effects it resembles strychnia, but is only about j\ as 
strong. 

Igasuriay C44H28N2O8+6HO, — Closely resembles Brucia 
in all its properties, but is soluble in 200 parts of cold 
water. Its salts are precipitated in the presence of tartaric 
acid by the bicarbonate of the alkalies. Sulphuric acid 
imparts a rose-colour which turns greenish. According to 
Schiitzenberger, there are nine distinct alkaloids in what is 
known as igasuria. 

431. Ver atria, C64H52N20,6. 

Sources. — Ver atrium Album and V. Viride. 

Prop, — As obtained by the officinal process, it is in 

Sowder, and contains Sabadillia C40H36N2O10, and Jervia 
60H46N2O6, along with true veratria. It is errhine and 
causes pricking when applied to the skin. Is characterised 
by a red colour with HOjSOg, and a yellow with HOjNOs. 
It is not volatile. 

432. Aconitia, CeoH47NOi4. 
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Sourer a. — Aconitum napellus. 

Prop, — As obtained by the ofl&cinal process, is a yellow- 
ish-white powder without smell, of a bitter, acrid taste, pro- 
ducing a characteristic sense of numbness on the tongue. 
Soluble in 150 parts cold and 5 of boiling water ; readily 
soluble in alcohol, ether, and chloroform. Is the most 
poisonous of the alkaloids, dangerous symptoms having 
been produced by -^J^ of a grain of the pure base. 

Tests. — The alkaloid fuses and burns with a yellowish, 
smoky flame ; its salts evaporate to a gummy residue ; 
heated in a tube, it fuses and gives off at first alkaline, then 
acid vapours. H0,N05 dissolves it without change of 
colour ; HOjSOg gives a yellow colour, and on adding a 
crystal of KO,2Cr03, a green (CraOs) is produced. The 
numbness produced upon application of even y^^ of a grain 
dissolved in alcohol and rubbed into the skin, or cautiously 
applied to the tongue, is characteristic. 

433. Atropia, CaiH^aNOe, from Atropa belladonna. 
Prop, — In silky crystals resembling somewhat those of 

sulphate of quinia. Soluble in 300 parts cold and 50 of 
boiling water, 1^ parts cold alcohol and 25 parts of cold 
ether ; freely in dilute acids. Fuses at 194°, and vola- 
tilises at 212°. Is only suitable for external use; the Ex- 
tract Belladonnas being safer for internal administration. 
Used to dilate the pupil and in neuralgia. 

Tents. — These are not very reliable. It turns yellow 
with HOjNOft, is dissolved by HO.SOg, forming a colour- 
less solution which becomes red on heating ; its salts are 
coloured red by tincture of iodine. 

Atropiae Sulphas, is soluble in water, insoluble in ether. 
Is used as a local anaesthetic. Daiuriay from stramonium, 
is said to be identical with Atropia. 

434. Emetia, CaoHisNO^, from Cephaelis ipecacuanha. 

Prop. — In white, uncrystallisablc powder, fusing at 
:2y 
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122° ; very soluble in alcohol, and freely in boiling water. 
Its reactions resemble those of morphia, except with the 
ferric salts and iodic acid. It is but little ased. 

435. Berberina, C^oHwNOg. 

Sources. — In specios of Cocculus {Calumbd) CopHs, 
Hydrastis, Berberis, Podophyllum, and Xanthoxylum, 

Prop. — In yellow needles, insoluble in ether, readily 
soluble in boiling water and alcohol HOjSO, dissolves it, 
giving an olive-green (H0,N05) red with fumes of NO4. 
Its muriate is sold as hydrastin, which should not be con- 
founded with hydrastia, a base obtained from Hydrastis 
Canadensis. The alkaloid and its salts are tonic ; dose, 
gr iij. It is also used as a dye. 

436. Bebeerina, Nectandria, CagHji, NOe?, fromNectandra. 
Prop. — A pale -yellow, amorphous, resinous body, 

slightly soluble in water, freely in alcohol and ether. Is 
fusible at 356° and inflammable. Its salts are uncrystal- 
lisable. The sulphate has been used as a tonic and anti- 
periodic ; dose, gr ij or more. 

43T. Delphia, CZ7H46NO.2 ; from Delphinium. 

Prop. — A white powder, slightly soluble in cold water, 
freely so in alcohol and ether. Reacts like morphia with 
HOjNOs, but is blackened by the after-action of SnCl, and 
does not decompose IO5. 

438. PipeHna, C34H,9N06, from pepper. 

Prop. — Colourless crystals, slightly soluble in water, 
more so in ether, and still more in alcohol. Melts at 212°, 
losing 2 eq. water. HOjSOg dissolves it, producing a deep 
red colour. It is decomposed by HO.NOg ; has a hot and 
not bitter taste. By long boiling in an alcoholic solution 
of KO,HO, splits into Piperic Acid C24H,o08 and Piperi- 
dina CaoHnlST (ethyl-allyl-amine NH(C4H5,C6H5). Pipe- 
rina is frequently added to Quiniae Sulphat. in dose of gr 
ij, or more to increase its- antiperiodic effects. 
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439. Caffeinay Theina Guarina, C16HWN4O4. 
Sources, — The Derry and leaves of the coffee-tree, Gaffea; 

tea, Thea Chinensis; guarana, Faullinia sorbilis; and 
Paraguay tea, Ilex Faraguayensis. Guarana contains 
b'0*l p. c, black tea l-QY, green tea 1, and coffee 0*8 to 1 ; 
Paraguay tea, 1*2 of the base. 

Prop. — In transparent, hexagonal plates or needles (6th 
system) ; is soluble in alcohol, ether, chloroform, and hot 
water. Melts at 352°, and volatilises unchanged at 725®; 
is not bitter. It forms well-defined salts. Is said to be 
poisonous, but the citrate has been given in grain doses in 
sick-headache. Theobromina, C14H8N4O6, from the cocoa- 
nut, resembles caffeina, but has a bitter taste, and is much 
less soluble. 

440. Conia and Nicotina are oily liquids, of an alkaline 
reaction, not pre-existing in the plants, and containing no 
oxygen. 

Conia y CisHisN, from Conium maculatum, by distillation 
with KO,HO. Is colourless, s. g. 'St, of a characteristic 
odour, soluble in 100 parts cold water, freely in alcohol, 
ether, and the fixed and volatile oils. It is very poisonous. 
It may be regarded as bibutyrylamine, NH(C8H7)2; by 
oxidation it yields butyric acid. The plant contains a dis- 
tinct alkaloid, Gonhydrinay Ci6H,7N02. 

Nicotina, CoHtN, from Nicotiana tabax^umj by distilling 
with KO,HO. Is colourless, s. g. 1048; has the odour 
of tobacco, and is more sparingly soluble than Conia ; 
very poisonous. Havanna tobacco contains 2, Maryland 
2*3, Yirginia 6*87, and Kentucky 6*09 per cent. 

441. Substitution Products of the Alkaloids. — By acting 
on the alkaloids with iodides of methyl, ethyl, etc., a portion 
of the hydrogen of the alkaloid may be replaced by the radi- 
cal. This fact is interesting in a theoretical point of view, as 
indicating the probable constitution of these bodies, placing 
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tbem among the substitution ammonias and compounds 
of ammonium (425). The natural alkaloids are found to 

be nitrile bases (425). Methyl strychnia^ C^ ^ ^2^** ^ 

said not to be poisonous. 

442. Neuter or Add Bitter Organic Principles. — These 
are even more numerous than the alkaloids ; they contain 
no nitrogen ; many of them are glucosides (395) ; of others 
only the empirical formula is known. The following are 
sometimes employed in medicine : Salicin, Phloridzin (C42 
Hat02o+4HO); Colocynthin, Santonin (CaoHigOg); Colchi- 
cin, Digitalin (0941145030?;, an active poison and aloin. Pi- 
erotoxin, CaoHjaOg, is the active principle of the Cocculus 
indicus. Phloridzin, santonin, and picrotoxin are regarded 
as acids. It may be said that every vegetable substance 
employed in the materia medica contains one or more 
alkaloids, acid or neuter bitter organic principle, and often 
both. The plants yielding fixed and volatile oils are some- 
times exceptions to this rule. 



VII. FATS AND OILS. 

I. FIXED; ir. VOLATILE. 

I. Fixed OUs. 

443. Sources. — The animal and vegetable kingdoms. 
From the former, by gently heating the natural fatty 
matters {rendering) when the true fat runs out of the 
cellular tissue and is collected. From the latter by ex- 
pression, sometimes aided by heat ; by boiling and by the 
solvent action of benzine. 
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Prop, — Are greasy to the touch, lighter than water, 
and leave a spot on paper which does not disappear when 
heated. When pure, are mostly colourless and free 
from smell and taste ; in some cases they are accompa- 
nied by volatile acids which give characteristic odour and 
flavour ; these may often be removed by the action of 
animal charcoal and magnesia. They are insoluble in 
water, nearly so in alcohol, except castor oil which will 
dissolve in its own weight of stronger alcohol ; ether, the 
volatile oils, benzine, and bisulphide of carbon dissolve them 
freely. Heated alone, above 500°, they are decomposed, an 
acrid body, acrolein C6H4O2, and other odorous substances 
being evolved ; if decomposed by steam at this tempera- 
ture, they merely separate into their proximate constitu- 
ents, glycerine CsHgOe, and volatile fatty acids. At a 
higher temperature, marsh gas O2H4, olefiant gas O4H4, 
and complex organic products are produced. Exposed to 
the air, they either dry into a varnish, as linseed and poppy 
oils, or become rancid. The drying quality of oil is in- 
creased by the addition of 10 per cent, of PbO or MnOa. 

Saponification. — By the action of alkalies, alkaline 
earths, and certain metallic oxides, soaps are formed, glyce- 
rine being at the same time set free. The soaps of KO and 
NH4O are soft, of NaO hard, of CaO and PbO insoluble. 
The latter constitutes Emplastrum plumbi. The soaps 
formed with vegetable oils, as castile, Sapo (olive oil), and 
palm (palm oil)^ are soluble in cold alcohol. 

444. Patty Acids. — These may be obtained by decom- 
posing soap by a mineral acid, or directly as above stated. 
They are generally homologous (384) with acetic acid ; 
some of the lower members of the series are found free 
in the animal secretions, etc. (415). They are liquid, 
volatile, and of decided and generally offensive odour. 

The higher members of the series are solid, white, fusible, 
29 ♦ 
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volatile, tasteless, and inodorous. Oleic acid belongs 
to another series. The combinations of the fatty acids 
with oxide of allyl, CeHjO,, are distinguished by the ter- 
minati'on in^ as stearin, margarin, and oUin, These three 
bodies constitute the bulk of solid fats. Olein remains 
liquid when the fat is exposed to cold, and may be sepa- 
rated by decantation or pressure. 

Stearic AM, HOjCaeHasOj. — Is white, inodorous, taste- 
less, of a slight acid reaction, fusing at 160^ ; may be 
distilled in vacuo, but not in air. Is insoluble in water, 
cold alcohol, and ether. 

Maryaric Add, HO,C84H3308. — Closely resembles the 
former, melts at 140°. It is probably a mixture of stearic 
with palmitic acid, HOjCaaHgiOa, obtained from palm oil. 

Oleic Acid, HOjCaeHaaOg, is a colourless liquid, insol- 
uble in water, soluble in alcohol and ether, of an acid 
reaction and sharp taste ; it is solid at 50°. It is readily 
oxidised. The following acids are among the remaining 
most important fatty acids. 

BtdyHc HO,C8H703, Caproic H0,Ci2H,|0,, Caprylic 
HOjCeHisOa, Capric HO.CaoHigOs, exist in butter and 
the animal secretions. They are colourless and ofifensive ; 
the first has been described (413). Caproic acid has a 
smell resembling acetic acid ; Caprylic acid, that of the 
sweat of the negro, and Capric, that of the goat. They 
are all liquid, colourless, and their boiling-points vary 
with the proportion of C and H present (384). 

Laurinic Acid, HO,C24H2s03, exists in the cocoa-nut 
oil and in spermaceti ; Myrisiic HO,C28H2708, in the ex- 
pressed oil of nutmegs ; Palmitic HO,C82Hsj03, in palm 
oil, butter, lard, olive oil, and probably in all fats in 
which margaric acid has been supposed to exist. 

It will be noticed that the homologous series of fatty 
acid runs from butyric acid Cg to stearic Cag, — omitting 
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every other term. We have no animal fatty acid of this 
series, the C of which is not evenly divisible by 4. Ce- 
rotic acid, HO,C54H5303, is the highest member of the 
series found in nature. Homologous with oleic acid we 
have, Acrylic acid, HO,C6H303, all the salts of which are 
soluble ; GrotoniCj HO,C8H503, from croton oil ; Dumaluric, 
HO,C,4H„03, from urine ; MoringiCy HO,C3oH270s, from 
oil of ben ; Hypogsnc, HO,C32H2903, from whale and por- 
poise oil ; and others of even less importance. Bicinoleic 
acid, HO,C33H3503, is obtained from castor oil. The fatty 
acids have been formed artificially from inorganic matters. 

445. Glycerine, QlyceHna, Q^KjO^^C^RsO^,znO,—l^ 
obtained from fats by the action of steam at about 600°, by 
saponification, or by inverse saponification by HOjSOs. 
That obtained by the first-named process is the purest. 

Prop. — A colourless, inodorous, syrupy liquid, of a 
sweetish taste and fermentable (Berthelot) ; s. g. 1*273; 
officinal s. g. 1*25 ; is soluble in all proportions in water 
and alcohol, insoluble in ether; does not dry or become 
rancid on exposure to the air ; it cannot be distilled alone, 
but gives off acrolein, CeHaO.HO, and which by oxidation 
yields acrylic acid, HO,C6H303. It combines with acids. 

Nitroglycerine y or glonoine, C« — ^Og, is formed by 

the action of a cooled mixture of sulphuric and nitric acids 
(386) on glycerine. It is an explosive, colourless, oily 
liquid ; s. g. 1*6 ; freezing at 46° ; soluble in 180 parts of 
water, and freely in alcohol and ether. A single drop ap- 
plied to the tongue produces intense headache, with vascular 
excitement. Death from a larger quantity has been re- 
corded. There is no known antidote. With sulphuric 
and phosphoric acids, glycerine forms sulpho- and phospho- 
glyceric acids. The latter exists in the brain and in 
the yolk of eggs. The mlvent powers of glycerine are 
intermediate between those of alcohol and water. It 
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will dissolve .2 of one p.c. of phosphorus, one of iodine, 
33 of KI, ten of HgCl, 2 of Quinise sulphas, 6 of Acid, 
tannic f 4 of strychnia salts, 2 of Atropia. Bromine, am- 
monia, and nitrate of silver, are soluble in all proportions 
in pure glycerine. Generally speaking, all deliquescent 
salts are soluble in it, also the vegetable acids. Alum, 
and the sulphates of iron, copper, and zinc, are soluble to 
the extent of from 25 to 40 p. c. It is miscible with Gou- 
lard's Extract and lead water. It is used as a vehicle for 
the administration of medicines, and as an emollient. It 
should afford no precipitate with AgO,N05 (absence of 
chlorides), or with NH4S,HS or KgCfy (absence of the 
heavy metals). 

Glycerine does not pre-exist in fats, but is formed at the 
time of saponification. The so-called oxide of glyceryle, 
or of lipyl, CgHjOs, is the oxide of allyl, the base proper 
of fats. When glycerine and fatty acids are heated to- 
gether in sealed tubes, they unite, re-forming the fats. 
Hence a fat is considered to be a compound of a fatty acid 
with oxide of allyl. Glycerine is regarded as a triatomic 
alcohol, in which one, two, or three eq. of the water may 
be replaced by an acid. Thus in Stearine, a component 
of the solid portion of fats, we may have : 

Monostearin, C42H42O8 = C6H503,2HO,C36Ha608 (Stearic 
acid). 

Bistearin, Q,^ll,,0,o=^ Q,ll,0^,JiO,'l{Q^TiJ^;), 

Tristearin, C„4H„oO,2= C6H503,3(Cs6H,,08). 

Not only does glycerine unite with the organic, but also 
with some of the inorganic acids. The number of com- 
pounds which may be formed is very great ^379). 

Si/nfheftis of Glycerine. — This subject is- interesting on accoant 
of the possible production of a natural fat from purely inorganic 
materials. 

Terbroraide of allyl, CJIsBr,, may be obtained by the action 
of iodide of phosphorus, and afterwards of Br, upon glycerine. 
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This reactinnr with acetate of silver, AgO,C4H,03, yields triacetine ; 
CHjBr, + 3( AgO,C4n30s) = C5H50a,3(C4H30,)-f 3AgBr. Tria- 

cetine, boiled with KO,HO, yields glycerine; CeTl408,3(C4H308)4- 
3{KO,HO)=C«U608,3IIO_^+3(KO,C4H303U. As most of the fatty 
acids may be synthetically obtained, and as they may be directly 
combined with glycerine, it only remains to determine whether 
CeHftBrs may be formed from inorganic materials. An isomeric 
compound, CellsBrBra, Bromide of bromopro}n/lene, may be pre- 
pared by the action of bromine upon the products of the decom- 
position of amylic alcohol, CioHuO, HO, at a red heat. With the 
silver salt, however, this yields chiefly a compound, OeH40s,2C4H8 
O3, but at the same time a small quantity of triacetin, CeHsOa, 
30411,03, is produced by a secondary reaction.* As amylic alco- 
hol may be formed from purely inorganic substanceSyf it would 
seem that the synthesis of a fat is possible. 

n. Volatile Oils. 

446. Sources. — From plants by distillation with water; 
by expression, or by maceration in fat (enjleurage). 

Prop. — They are fragrant, of a hot taste, lighter than 
water (except those of sassafras, gaultheria, pimento, and 
cloves), inflammable, and do not leave a permanent stain 
on paper. They dissolve in small quantity in water, to 
which they communicate their odours (Aquae medicatae), 
freely in alcohol and ether. Nitric acid, iodine, and bro- 
mine act upon them violently, sulphuric acid more quietly ; 
they do not saponify. They are conveniently divided into 
those containing (a) carbon and hydrogen; (6) carbon, 
hydrogen, and oxygen; (c) containing also sulphur. 

(a) Containing C and H. 

447. These are all isomeric with oil of turpentine, C2oH,g, 
but vary in s. g. and boiling-point; when absolutely pure, 
are inodorous, but as met with have various odours, which 
appear to be developed by oxidation. But little is known 
of their true chemical character. 

* WuRTZ, cited in Gmblin's Handhoohy Cavendith Ed., vol. xiii. p. 553, 
f BbrtbBLOT, Chiittie organiquefondte tur la SynthiBe, t. i. pp. 83, 119. 
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Oil of Turpentine, CsoHm. — Is too well known to need 
description. By the action of HCl is converted into arti- 
ficial camphor, CaoHu,HCl ; similar compounds are formed 
with other hydrogen acids. The following are other mem- 
bers of this class : oils of camphor, elemi, myrrh, copaiba, 
black pepper, hemlock, juniper, savin, lemon, orange, and 
cedar. 

(6) Containing (7, 5", and 0. 

448. They form the great bulk of the volatile oils. On 
exposure to cold, they generally separate into an oily por- 
tion isomeric with oil of turpentine (elaeopten), and a crys- 
talline, solid, camphor-like body (stearopten) containing 
oxygen. With nitroprusside of copper, CugFejCysNOj, they 
give marked, and in some cases characteristic colours. The 
action of this reagent is interfered with by the presence 
of the hydrocarbon volatile oils. In some cases, as the oils 
of cinnamon, gaultheria, spirea, and bitter almonds, their 
rational formula has been determined, and they have been 
formed artificially. The following are officinal: Oil of 
anise, bergaraot, chenopodium, cajuput, cloves, cinnamon, 
Canada fleabane, fennel, gaultheria, pennyroyal, juniper, 
lavender, the mints, allspice, roses, rosemary, sassafras, 
thyme, and valerian. 

(c) Containing Sulphur. 

449. They are highly pungent, and of powerful odour. 
They may be considered as sulphur compounds of the radi- 
cal allyl CeHj. According to some, a distinct radical, /erie- 
lyle, CigH,,, exists in assafoetida. Oil of garlic is sulphide of 
allyl, CeHfiS; Oil of mustard, a sulphocyanide, CeHsCjNSj. 
It has been formed artificially by the reaction of KCsy 
with CeHgl. Oil of horseradish is identical with oil of 
mustard. 
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CAMPHORS AND RESINS. 

These are the products of the oxidation of volatile oils; 
they are too numerous for special consideration. 

460. Gamplior, Camphora^ CaoHigOg, may be taken as the 
type of the group. It is solid, colourless, volatile, inflam- 
mable; soluble in 1000 parts water {Aqua Camphor se), and 
freely in alcohol {Spiritus Camphorae), also in chloroform 
and strong acetic acid. A clean fragment of camphor 
thrown upon water rotates in a remarkable manner ; the 
least trace of grease instantly arrests the movement. 

Resins. — Those containing benzoic acid, C,4H604, are 
called balsams J as tolu; when they contain gum, gum re- 
sins, as assafoetida. The latter form a milky emulsion 
with water; alcohol dissolves only the resinous portion. 
Oleo-resins contain volatile oils, as crude turpentine and 
copaiba. 



Vn. COLOURING MATTERS. 

451. Indigo. 

Sources. — Various species of Indigofera and genera of 
other families ; an allied substance is sometimes found in 
the urine. It appears to exist in the plant in the form of 
a soluble, colourless compound ; it is extracted by fermen- 
tation as a yellow liquid which yields a precipitate of blue 
indigo upon the addition of lime. 

Prop, — Commercial indigo is in deep blue, insoluble 
masses, which on heating yield a blue vapour which con- 
denses into crystals. It contains 50 p. c. of indigo-blue, 
indigoiine, CeHgNOj, which by reducing agents, as HO, 
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S09, takes up an atom of H and becomes indigo-white, 
Indiijogene C,eHflN02, which again becomes bbie on ex- 
posure to the air. Nordhausen sulphuric acid, HO,2S03, 
dissolves indigo, forming sulphindigotic or sulphindylic 
acid, C,eH4N 02,8202, and sulphopurpuric acid, Ca2HioN204, 
2S03,HO. These are used in dyeing. By oxidising agents 
and KO,HO, it yields various products, among others ani- 
line and picric acid, HO,C,2H2CN 04)30. 

452. Aniline, NH2C12H5, is obtained indirectly from coal- 
tar (417). By the action of K0,2Cr03, AsOs, SnCl, HgCl, 
etc., it yields colours of various shades, chiefly crimson and 
purple, and known as magenta, mauve, solferlno, etc. By 
co^gll^ination, all tints have been obtained. The composi- 
tion of these colours is complex, and in many cases un- 
known. They have been successfully used in injecting 
tissues for microscopic examination. 

453. Picric Acid, Carbazotic acid, Trinitrophenic acid, 
HO, C,2H2(N 04)30, may be regarded as a substitution 
compound in which 3 eq. of H of Phenic acid (417) are 
replaced by NO4. It is obtained by the action of nitric 
acid upon oil of tar, also upon silk, indigo, salicin, and 
aniline. 

Prop. — In yellow crystals, soluble in 86 parts water, 
of a bitter taste, and decomposed by heat with explosion. 
It is used as a yellow dye, as a test for potassa, and has 
been administered as an antiperiodic. It is said to be 
used to adulterate beer, but may readily be detected, not 
being removed by animal charcoal. 

454. Litmus J is obtained from various lichens by oxida- 
tion and the action of ammonia. Is usually in the form 
of cubes of plaster of Paris, saturated with the colouring 
matter. It is soluble in water and alcohol, is reddened by 
acids, and the red colour restored by neutralising agents. 
Hence its use as a test. It contains three colouring priji- 
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ciples, — Lecanosic acid, HOjCieHgOg, Orcin, CuH804,HO, 
and Orceine, CMHgNOejHO. Turmeric, the root of Cu- 
curma longa, yields a yellow tincture which is turned 
brown by alkalies. Quercitron , the inner bark of Quercus 
nigra, Fustic, the wood of Morns tinctoria, Saffron, por- 
tions of the flowers of Crocus saliva, and Annoto, from the 
seeds of Bixa orellana, are all used as yellow dyes. 

455. Madder. — The root of Ruhia tinctorum. It con- 
tains three colouring principles : Xanthin, C H O yellow ; 
Alizarine, CaHgOg, red ; and Purpui'dne, CigHgOg, purple. 
Artificial alizarine obtained from naphthaline cannot be 
considered identical with that from madder. The root is 
officinal and is used as an emmenagogue. The madder 
colours are remarkable for purity and permanence. 

456. Logwood, — The wood of Hsemaioxylon Campe^ 
chianum. It contains Haematoxyline , Ci6H70g,3HO. Is 
used for purple and black dyes. Is officinal and used as a 
tonic and astringent. 

Brazil Wood is used for red dyes, red ink, etc. ; with 
alum, forms a crimson lake; it contains ,Bra2;iZiwt?, C3gH,40i4 
It is not used in medicine. 

457. Carthamine, Safflower, the petals of Carthamus 
tinctorius, is used as a fine red dye and in the preparation 
of rouge. It contains Carthamine, C2gH905,2HO, a yellow 
substance which by oxidation yields red Carthamic acid, Cjg 
H9O7. Alkanet, the root of Anchusa tinctoria, yields a red 
tincture used in thermometers, etc. ; it contains Anchusine, 
C17H10O4. Santalum, Red Sanders, is the wood of Ptero- 
carpus Sanialinus ; it contains a white crystalline prin- 
ciple, Santaline, which oxidises to red Santalein e,CiQllsO<i? 

458. Lac, — Is a resinoid substance exuding after the 

puncture of an insect from species of Ficus. It yields a 

scarlet dye. It is especially used in the preparation of 

varnishes, sealing-wax, etc. ; it is freely soluble in alcohol 
so 
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459. Cochineal. — The female of a species of coccus. The 
iiiseet yields its colouring matter to water and alcohol Bj 
precipitation with alumina it yields carmine. The insect 
is sometimes used as a reputed antispasmodic. 

460. CoLOUBiNQ Matter of Leaves and Flowers. 
Chlorophyllej the green colouring matter of leaves and 

herbage, yields Chlorophylline^ CigH^NOg. It is freely 
soluble in ether ; long exposed to the air, it forms Xan- 
thophylline, which is also found in the yellow leaves of 
autumn ; the red leaves contain Erythrophylline. The 
colouring matters of flowers are not well- understood. 
Some of them, from their sensitiveness to the action of 
chemical agents, are used as tests. Triolets give a blue 
juice, or infusion, which is changed to red by acids, and 
green, and finally yellow, by alkalies. The infusion of 
petals of the red rose is turned red by acids, and green by 
alkalies. An infusion of the common purple cabbage is 
similarly changed. These tests are best preserved by 
saturating porous papers with the juices, and drying care- 
fully. All test-papers must be kept from air and light. 
The red cabbage-leaves may be preserved by careful 
drying. 



VIII. PEOXIMATE PRINCIPLES NOT OTHER- 
WISE CLASSIFIED. 

46 L This includes the proximate principles of animals 
and vegetables, and the analysis of their secretions and 
excretions. The non-nitrogenised proximate principles of 
vegetables were considered in group I., and their nitrogen- 
ised crystallisable bases in group V The results of 
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researches on this part of the subject are exceedingly dis- 
cordant. This may be explained by the fact that the 
proximate principles cannot be obtained crystallised, and, 
therefore, no absolute certainty as to their composition 
exists. The same principle also varies according to its 
source ; the varieties of albumen from the egg, the serum, 
the brain, the skin, etc., are not identical. The secretions 
or excretions of the body vary much in health, and greatly 
in disease. It is often difficult to say whether a substance 
pre-exists in an organised body, or is the result, in some 
degree, of the methods employed in its extraction, upon 
some other body. Some principles, as fibrin, are different 
when living and dead. 

462. Albumen. — Is the most widely diffused of the prox- 
imate principles in the animal body. It exists in a liquid 
form in the serum of the blood (seralbumen), in white of 
egg (ovalbumen), in lymph, chyle, saliva, pancreatic and 
seminal fluids, humours of the eye, and, in disease, in the 
bile and urine. As a solid, it exists in the brain, nerves, 
glands, cellular membrane, skin, hair and nails. In vege- 
tables, as emulsion or syneptase, it is also abundant, 
existing in the juices of some, as the potato, carrot, and 
asparagus ; in grain and in nuts. 

Prop. — In solution, is clear, slightly viscid, leaving a 
glairy streak on paper ; when dried, is yellowish, trans- 
parent, and horny, and not then prone to decomposition. 
Exposed to heat, the solution coagulates at about 110°. 
It is., then insoluble in water, but soluble by continued 
boiling in hydrochloric acid or in strong alkalies. When 
dried, this is indistinguishable from uncoagulated albumen, 
except by its insolubility. Heat will detect y^^^j^ of albu- 
men in solution. It is coagulated by nitric and meta- 
phosphoric acids ; Tannic acid forms with it an insoluble 
compound analogous to that produced with gelatine. Sul- 
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phuric and bydrochloric acid precipitate it soluble in 
excess ; acetic, tartaric, oxalic, and gallic acids do not affect 
it. It forms cements with the alkaline earths ; that made 
of lime and white of egg is very adhesive and resists 
many chemical agents. With the salts of most of the 
heavy metals it forms insoluble compounds ; hence it is 
used as an antidote. Conversely, corrosive sublimate or 
subacctate of lead form delicate tests for albumen, and 
the metallic salts are useful as antiseptics. It is also co- 
agulated by alcohol, creasote, and phenic acid, 'and its 
acetic solution by chloride of sodium, nitrate of potassa, 
and sulphate of soda. 

Coagulation by heat is prevented by the presence of 
excess of alkali or of small quantities of mineral acid. 
The chemical changes taking place during the process are 
not understood. Seralbumen is not affected by ether and 
oil of turpentine, which coagulate ovalbumen. The follow- 
ing bodies closely resemble albumen in composition and prop- 
erties: Myosin and Syntonin, from fibre of flesh ; Globulin, 
which constitutes the greater part of the red corpuscles of 
the blood : it is coagulated by strong alcohol, and redis- 
solved by that reagent when dilute and boiling; Pepsin, 
from the gastric juice ; Pancreatin, from pancreatic juice : 
it is coagulated by sulphate of magnesia ; Ptyalin, from 
saliva ; Mucosin, found in mucus ; NeuriUy the semi- 
fluid substance of the tubes and corpuscles of the brain 
and nerves. Pyein from pus, Echidnin from viper poi- 
son, and Grotalin from that of the rattlesnake, are highly 
poisonous when introduced into the circulation. Vegetable 
albumen, Emuhin, differs in being coagulated, like casein, 
by rennet and by tribasic phosphoric acid, SHOjPOs. 

463. Fibrin. — From its property of spontaneous coagu- 
lability, is unknown chemically in the soluble state. It 
appears, according to Schmidt, to be a compound of two 
kinds of albumen, to which he has given the names of 
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Fibrinoplastin and Fibrinogen. As obtained from blood by 
whipping with twigs, it is in white filaments, which gelat- 
inise and dissolve in dilute acetic and hydrochloric acid, 
and in SHOyPOj. It is also soluble in alkalies, which con- 
vert it into a substance closely resembling albumen. Tan- 
nic acid forms with it an insoluble imputrescible compound. 
The fibrin of venous and arterial blood differs, and that of 
flesh more nearly resembles albumen. 

Gluten, from wheat flour and seeds, appears to be 
identical with fibrin. 

464. Casein. — Exists in milk, and perhaps in the blood. 
It closely resembles albumen, but is coagulated by acetic 
acid. Is a white, curdy substance, insoluble in water, 
soluble in weak alkaline solutions, from which it is again 
precipitated by acids. When dried, is transparent and 
horn-like. Is not coagulated by heat. Certain animal 
membranes, as rennet, coagulate it, and this action is 
aided by heat. Legumin^ obtained from peas, beans, etc., 
is considered to be identical with casein. 

466. The three bodies just described are known as the 
protein compounds. The following analyses represent their 
composition, but can only be considered as approximate. 





Albumen. 


Fibrin. 


Casoin. 


Carbon, 


63-5 


52T 


53-83 


Hydrogen, 


T-0 


6-9 


•r-15 


Nitrogen, 


15-5 


15-4 


15-65 


Oxygen, 


220 


23-5) 
l-2j 


23.37 


Sulphur, 


1-6 




Phosphorus, 




0-4 0-3 





Liebig gives the following as their formulae : 

Albumen, CaisHjegNinOegSz 
Fibrin, C298H228N4o092Sa 

Casein, C2ffiH2SRN3608oS2 

80* 
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467. Protein. — Mulder observed, that when any one of 
the foregoing compounds was digested in caustic potassa 
until no precipitate was afforded with a lead salt, and pre- 
cipitated by acetic acid, a snow-white flocculent substance 
was obtained, which, he stated, could be procured entirely 
free from sulphur and phosphorus. This substance, com- 
bined with sulphur and phosphorus, he stated, gave albu- 
men, fibrin, and casein. The formula C.4H17N3O8 has been 
assigned to it. Its existence is doubted by many, but the 
designation protein compounds is a convenient one. 

468. Gelatin. — Exists in the skin, tendons, etc., and is 
derived from the ontein of bones by long boiling. 

When pure and dry, is a transparent, colourless, inodo- 
rous, insipid solid; insoluble in alcohol and ether, soluble in 
boiling water, to which one per cent, will communicate the 
property of gelatinising; the facility with which the liquid 
becomes firm is greater as the temperature is lower, and 
varies with the variety of gelatin. The solution, exposed 
to the air, soon putrefies. It is soluble in all dilute acids 
except tannic, which precipitates it and forms an impu- 
trescible mass (leather). It is not precipitated by alum, 
the acetate or subacetate of lead. Is precipitated by chlo- 
ride and nitrate of mercury, but not generally by the salts 
of the heavy metals. Tannic acid will detect -^'^^ of 
gelatin in solution ; it is not precipitated by gallic acid. 
The doubtful formula CiaHjoNOs has been assigned to 
gelatia 

Strong nitric acid with gelatin yields oxalic acid. Sul- 
phuric acid gives leucin, Ci2H,3N04, tyrosin^ CisHnNOg, 
and glycocollj or sugar of gelatine, C4H6NO4; the latter is 
sweet, of sparing solubility, and does not ferment. Tyro- 
sin, CsHiiNOg, is also obtained with leucin by the action 
of KO,HO upon casein. 
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Isinglass, Ichthyocolla, is a pure form of gelatin ob- 
tained from the Bwimming-bladder of fishes; it is more 
slowly soluble than ordinary gelatin. The finer varieties 
of gelatin are also known and sold indiscriminately as 
gelatin or isinglass. Glue is an impure gelatin ; liquid 
glue is a solution of gelatin in strong acetic acid or in 
water, with the addition of nitric acid. Size is a very 
impure glue used to give a surface to paper, etc. 

Ghondrin, obtained by thie action of boiling water upon 
Carlalagin found in the cartilages, di£Pers from gelatin in 
being precipitated by acetic acid (soluble in excess), also 
by nitric acid and subacetate of lead. Its formula is given 

as C32Ha6N40,4. 

469. Kreatin, C8H9N304,2HO.--May be extracted from 
the juice of flesh. Is a neutral body, in brilliant colourless 
crystals, readily soluble in boiling water, the solution 
having a bitter, somewhat acrid taste. By the action of 
acids it loses the elements of water, and becomes Kreatinr 
in, C8H7N3O2, which pre-exists to a small extent in the 
juice of flesh. It is also in colourless crystals, of an 
alkaline reaction, which combine readily with acids to 
form distinct salts. It is freely soluble in cold water. 
Inosic acid exists also in the juice of flesh; it does not 
crystallise, and has been obtained as a white amorphous 
powder, to which the formula HOjCioHgNaOio has been 
given. Inosite, C,2H,20,j+2HO, is a sweet crystalline 
body, capable of undergoing the lactic, but not the vinous 
fermentation; it is obtained from tho juice of the flesh of 
the heart and kidneys, also from unripe kidney-beans. 
There exists also in the juice of the flesh, two albuminous 
bodies, myoain and syntonin. Myosin is the coagulum 
which separates from the juice very slowly at 33° F., but 
very rapidly at 104° P. It is transparent and gelatinous, 
does not become fibrous like fibrin, and decomposes bin- 
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oxide of hydrogen HO, rapidly. It is insoluble in water, 
but soluble in dilute acids and alkalies, and in five or ten 
per cent solutions of common salt. Its coagulation is per- 
haps the cause of rigor mortis. 

Syntonin is extracted from muscles by the action of 
0*1 per cent solution of HCl. Like the former, it is easily 
soluble in dilute acids and alkalies. It is insoluble in 
solutions of NaCl, and does not decompose HO, 

470. Blood. 

Prop. — When freshly drawn, is a homogeneous, slightly 
viscid, alkaline liquid, of a peculiar odour and saltish taste ; 
its average s. g. is 1*055 ; the colour varies from the bright 
red of arterial to the dark purple of venous blood. Under 
the microscope, is seen to consist of a transparent, nearly 
colourless fluid {plasma or liquor sanguinis) j in which 
float red discs, the red corpuscles, and colourless globules, 
the white corpuscles. It soon coagulates after being 
drawn, forming a clot, which consists of fibrin and blood- 
globules, and a liquid serum containing albumen and 
^alts. It consists proximately of 



Water. 
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Red Corpuscles, 
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Albumen, 
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• 


• 
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Fatty 
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etc.. 


6-77 


Fibrin, 


• 


• 


• 


2-2 



100000 

The red corpuscles consist of Globulin, a substance 
which has not been satisfactorily separated, but resembling 
albumen, and of Haenxatinj the red colouring matter. 
This contains a large proportion of iron. Mulder's analysis 
gives 
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Carbon, . 66*84 

Hydrogen, . . . 5-37 

Nitrogen, . . 10*4 

Oxygen, . . .11-75 

Iron, . . . 6-64 



10000 



The colour of haematin does not depend wholly upon 
its iron, as it is not lost upon the removal of that metal. 
The proportion of globulin to hsematin is stated as 123*5 
to 7-4. 

The Eirtractive matters consist principally of Kreaiin 
and Krpafinin; the fatty matters, of a peculiar fat Sero- 
Ztn, Gholesterin^ a fat found in the bile, Cerebrin, a fat 
found in the brain, with oleate and raargarate of soda and 
other fats free and saponified. 

The Salts are chlorides of sodium and potassium, tribasic 
phosphate of soda, carbonate and sulphate of soda, and 
phosphates of lime, magnesia, and iron. Urea, biliary 
colouring matter, sugar, salivary matter, oxygen, nitrogen, 
and carbonic acid are also found in varying quantities. 

Recent German authorities, as Strieker and Brlicke, recognise 
in the red-blood corpuscle a colourless porous substance, which 
is very soft, perfectly transparent and non-contractile, and which 
they denominate Oikoid. In the interior and the interstices of 
this substance is contained a coloured living organism, which 
they call the Tooid, and which contains the Iloemoglobin, or col- 
ouring matter, and which is contractile. 

The porous, colourless substance is composed of certain albu- 
minous bodies, viz: Globulin or paraglobulin (of KUhne, A. 
Schmidt and Strieker), a substance called fibrinoid by Hoppe, 
and fibrin by Heynsius ; protagon (according to Hermann and 
Hoppe) ; lecithin (Hoppe) ; with variable quantities of oxygen and 
carbonic acid, (A. Schmidt). 

471. Chyle and LympL 

Differ from blood chiefly in the absence of the red cor- 
puscles, and in containing a less proportion of fibrin. They 
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contain sugar and urea. The chyle, as taken from the 
lacteals, contains a large proportion of fatty matter. 

472. Saliva. 

A transparent, watery fluid, of an alkaline reaction ; s. g. 
r006 to 1009. Contains, besides water, mucus, albumen, 
fatty matter, and the usual salts, a peculiar principle, 
P^yflZiw,together with another albuminous compound (which 
differs from Ptyalin in being coagulated by heat), and sul- 
phocyanide of potassium, KCaNS,. Saliva contains 12 per 
cent, of chloride of sodium, a larger proportion than any 
other animal fluid. The Pancreatic Juice resembles sa- 
liva in composition, but does not contain sulphocyanogen. 

473. Milk. 

Under the microscope, is seen to consist of a clear liquid, 
in which are suspended numerous globules ; these consist 
of fat (butter), surrounded by an albuminous envelope, 
which may be broken by mechanical violence (churning), 
or dissolved by caustic potassa. Milk contains water, 
butter, casein, milk sugar, and the usual salts of animal 
secretions. It is at first alkaline, but becomes acid, owing 
to the formation of lactic acid. 

474. (Gastric Juice. — Contains free lactic acid and 
phosphate of lime, the chlorides of potassium, sodium, 
calcium, and magnesium, and a peculiar principle, Pepsin. 
Pepsin possesses the property of digesting most alimen- 
tary substances, when kept at the temperature of the 
stomach, and in contact with a dilute solution of muriatic, 
lactic, or phosphoric acid. The substance sold as pepsin 
for use in dyspepsia consists of starch containing pepsin 
obtained from the stomach of the sheep, hog, or calf, or of 
the same in solution in diluted hydrochloric acid. Muri- 
atic acid does not probably exist in the gastric juice in a 
free state, but in intimate combination with pepsin forming 
Chlorohydropeptic acid (Schiff). 
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415. Sweat. — Under ordinary circumstances, the average 
quantity secreted is nearly two pounds avoirdupois daily ; 
under the influence of active exercise, or high temperature, 
this quantity is greatly increased. Its reaction is acid; 
the odour varies with the individual, and differs in differ- 
ent parts of the body. It is due to volatile acids, as the 
acetic, lactic, butyric, capric, and caproic ; ca pry lie acid 
probably exists in that of the negro. Suderic acid is also 
found; it resen^lesin composition uric acid. Sweat con- 
tains also urea and animal matters, which when retained in 
the clothing become offensive and breed typhus, etc. Its 
salts are chlorides of sodium and potassium, acetates, lac- 
tates, etc., of soda and potassa. 

476. Bile. — Is a liquid of a dark, golden-brown colour 
in man, s. g. 1018, probably neutral in reaction ; it 
bleaches test-paper ; has a bitter taste, and on agitation 
with air gives a soap-like foam. It is extremely prone to 
decomposition, and cannot on this account be obtained fit 
for analysis from man. The following is the composition 
of ox-bile : 

Water, HO, 880- 

Glykocholate of Soda, NaO,C62H42NOi,, | q^. 

Taurocholate of Soda, NaO,C62H46NS204, J 

Biliverdine, .... 

Fats, > 13-42 

Cholesterine, C26H22O, 
Chloride of Sodium, NaCl, 
Phosphate of Soda, 3NaO,P05, 
" Potassa, 3KO,P05, 

" Lime, 3CaO,P05, > . 15*24 

" Magnesia, 3MgO,P05, 
Carbonate of Soda, NaO,C02, 

" Potassa, K0,C02, 
Mucus of gall bladder, . . .1*34 

lOOO-OO 



it 
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Glykocholic Acid. — A crystalline body, which, when 
boUed with dilute KO,HO, splits, with the assimilation of 
two eq. of water, into cholic acid, HO,C48H»09, andglyco- 
coU, C4H5NO4 (468). 

Tauro^holic Add, — Crystallises with great difficulty, 
and it is doubtful whether it has been obtained pure. By 
boiling with dilute KG, HO, it splits into cholic acid and 
taurin, €4117^8550^ Both the glyco- and tauro-cholates 
of soda are precipitated by the subacetate of lead ; the 
glyco-cholate is also precipitated by the neutral acetate. 

Tauriru — Is found in the decomposed bile of the intes- 
tines, and in the muscles of the moUusca. It has been ar- 
tificially formed by heating isaethionate of ammonia to 410°- 
428°, NH40,C4H50,2S03=C4H7NSA+2HO (Strecker). 
It is in colourless, hexagonal prisms, with no odour, but 
little taste ; is permanent in the air, and bums with the 
evolution of sulphurous acid. 

Cholic Acid. — Has been obtained crystallised ; it is to 
it that the characteristic reaction of bile with Pettenkoflfer's 
test is due. 

Cholidic Acid, C48H39O9, and Dyslisin, C48Hm06, are two 
resinous bodies obtained from glykocholic acid by boiling 
with strong hydrochloric acid. The so-called resin of bile, 
or Bilin, is an impure mixture of the glyco- and. tauro- 
cholate of soda. 

Biliverdine. — Is the colouring matter of bile ; it con- 
tains nitrogen and iron, but no satisfactory analysis has 
been made. It exists in very small quantity. 

Choleslerine, C26H22O. — A fat-like body, but not sapon- 
ifiable ; exists in very small quantity in bile, but is abun- 
dant in gall stones. It is also found in the fluid of hydro- 
cele, and in encysted tumours, the spleen, and largely in 
the brain and nervous tissue. It is not found in the faeces. 
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It is in thin, colourless, transparent, rhomboidal plates, 
insoluble in water, but freely so in alcohol and ether. 

Tests for Bile. — Nitric acid produces with Biliverdine 
a grass-green colour. This does not necessarily indicate 
the presence of bile proper. Fettenkoffer^s test: This de- 
pends upon the reaction of sulphuric acid and grape sugar 
upon cholic acid. A drop of a solution of one part of 
sugar (cane sugar will answer) in 4 parts of water is 
added to the bile in watery solution ; to this five drops of 
sulphuric acid are added, and the whole gently warmed 
(not above 120°). A red colour changing to purple is 
produced, which is destroyed by adding excess of water. 

477. Urine. 

Prop. — A clear liquid, of an amber colour and faint aro- 
matic odour. Its mean s. g. is 1024, but varies with the 
ingesta from 1017 to 1030, the difference being due to the 
quantity of fluid, that of the solid constituents remaining 
nearly constant. Hence the specific gravity is inversely 
as the quantity which averages f^xxiv per diem. If either 
the quantity or s. g. vary directly, it is an evidence of dis- 
ease. It may be nearly colourless, as in hysteria, where 
the s. g. sometimes falls to 1006 with large increase of 
quantity, or may be of a deep red colour, and so scanty as 
to deposit its salts. In health, it has nearly always an 
acid reaction due to the acid phosphate of soda, NaO,2HO, 
PO5, contained in it. It is most acid early in the morning, 
and has then a high s. g. ; in the forenoon is parle, more 
abundant, of lower s. g., neutral, and even alkaline (Dalton). 
After this the colour, acidity, and density increase to a 
maximum towards night. These changes are liable to 
variations due to ingesta, temperature, etc. The alkalies, 
their carbonates, acetates, tartrates, and citrates, give to it 
an alkaline reaction. Although transparent when first 

passed, it may become turbid on cooling, from the deposi- 
81 
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1 to 1-60 



tioD of mucus and salts ; it readil j putrefies, exhaling a 
peculiar offensive ammoniacal odour. This change is said 
to be due to the presence of a peculiar albuminoid ferment, 
NefrozyomoRe (B^champ). It may be prevented by filter- 
ing, or by the use of a drop of crude phenic acid to the pint 
of urine. The alkalinity of urine in cases of retention or 
of chronic vesical disease is due to this cause, and must be 
distinguished from that produced by ingesta, which give to 
the Hecreted urine an alkaline reaction. 

The following analysis gives the average composition 
of human urine : 

Water, 9^141 to 94036 

Urea, CaH^NjOa, .... 15 to 23 

Acid Urate of Soda, NaCHCCoHjNA, 
« u u Ammonia, .... 
Urate of Potassa, 2KO,C,oH,N404, 

'* Lime, 

" Magnesia, 
Hippurate of Soda NaO,Ci8H8N05, 
" Potassa, 
" Lime, 
Lactate of Soda, NaO,CeH505, 
" Potassa, 
" Lime, 
Kreatine, 
Kreatlnine, 

Oxalate of Lime, CaOyCaO,, 
Xantbin, C,oH4N404, 
Fatty matters, . . 
KCl and NaCl, 
NH4CI 

KO,SO„ ' 

CaO,SO», 3 

Carried forward, 



(( 



it 



to 1-40 



(( 



ii 



1-50 to 2-60 



1-60 to 300 

traces to 1-10 
not estimated 

010 to 0-20 

3 to 8 

1-50 to 2-20 

3 to 7 



9951T 990-46 
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Brought forward, 99511 990*46 
Acid Phosphate of Soda, NaO,2HO,P05, ) ^^ ^^ x 
Rhombic " " " 2NaO,HO,P05, ) ^'^" ^ 

Phosphate of Magnesia, 3MgO,P06, . 050 to 1 
Phosphates of Lime, ■ . . . 0*20 to 1'30 

Ammonio-magnesian phosphate, (MgO, , , 



MgO.) 
^P0.) J 



NHAHO, 

Silicic Acid 003 to 004 

TJrosarcine, > 

Mucus from bladder ^ • " ' «1» *« ^'^^ 



} 



1000. 1000. 
Also in solution O, N and CO,.* 

418. Urea, C2H4N2O2. — Constitutes nearly one-half of the 
solid constituents of the urine. About 400 grains are dis- 
charged daily ; the amount varies with the size, habits, etc. 
of the individual, but is greater after the use of animal 
food. It may be obtained by concentrating the fluid to a 
syrupy consistence and adding nitric acid. The resulting 
nitrate which deposits in crystals is decomposed by car- 
bonate of lead, the urea dissolved out by alcohol, and 
crystallised. 

Prop, — Is in colourless, neutral prisms resembling 
nitre in appearance ; quite permanent and soluble in their 
own weight of cold water and in 4*5 parts cold and 2 of 
boiling alcohol ; are insoluble in ether. Although neutral 
in composition, it forms salts with the acids. Heated with 
alkalies, it evolves ammonia. In contact with a ferment, it 
breaks up into carbonate of ammonia, C2H4N2024-3HO = 
2(NH40,C02) ; the same effect is produced by long boil- 
ing. It has been artificially formed, being identical (or 
isomeric) with cyanate of ammonia, NH^OjCyO. It is 
always present in the blood, but in small quantity, being 
constantly eliminated by the skin and kidneys. If retained 

* Abridged from Flint's Physiology, iii. 193. 
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in the blood, as in albuminuria, it causes coma and other 
symptoms — Ursemia. It has been proposed to administer 
urea as a diuretic. 

Kreatin and ^re;a/t/7m have been described (469). 

Urates. 

Of these the urate of soda, 2NaO,CinH N4O4, is by far 
the most abundant ; the average amount discharged daily 
being 25 grains. It forms the great part of the Chalk 
stones seen in the joints of gouty people. It i^* sparincflv 
soluble in cold watvr, more so in boiling water, which 
deposits it again upon cooling. It dissolves readily in 
alkaline solutions ; acids set free uric acid. The urates of 
potassa and ammonia resemble the former. The acid urate 
of ammonia, NH40,HO,(Cion2N404), forms the bulk of 
the red deposits of the urine and of certain calculi. 

479. Uric Acid, 2HO,C,oH2N404. — Exists, if at all, in 
very small quantity in healthy urine. It may be abun- 
dantly obtained from the excrement of birds (guano) and 
serpents, by boiling with caustic potassa, and neutralising 
the resultant urate of potassa with HCl. 

Prop. — A soft, white, inodorous, insipid, crystalline 
powder, of a slightly acid reaction. Is soluble in 10,000 
parts of cold and 1800 of boiling water ; insoluble in alco- 
hol and ether. By the cautious addition of nitric acid, 
and afterwards of ammonia, Murexide, C12H6N5O8, is ob- 
tained ; it is of a beautiful purple, and when in mass, the 
crystals reflect light of a metallic-green colour, like the 
wing-cases of certain insects. It has been used as a dye, 
but is now generally replaced by the aniline purple. 

480. HippuricAcid, HO,C,8H8N05. — Exists largely in 
the urine of the Herbivora ; also in human urine, when Ben- 
zoic acid has been taken, or under vegetable diet. 

Prop. — It crystallises in long, slender, milk-white 
prisms, of a bitter taste and acid reaction ; soluble in 400 
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parts cold water and in boilini; alcohol FonuB Hip^ 
rales. By boiling Hydrochloric acid is converted int 
Benzoic acid and Qlycocoll (468). When nrine containing 
Hipparic acid is allowed to putrefy. Benzoic acid is formed. 
That of commerce is sometimes thus obtained. 

The colouring maUer of urine has been variously termed, 
TJrochrome, TJrosanthine, Urohcematine, Urohodine, TJro- 
glaucine, TJropittin, Uromelanine, etc. But little is known 
of its true character, and the statements of ezperiment«rs 
are very discordant The odorous principle appears to 
consist of a resinous matter and a volatile oil. It is some- 
times absent in the beginning of Brigbt's disease. 

481. The Phosphates of the urine are tribasic The 
acid Phosphate of soda, NaO,2iIO,P0(, is probably formed 
by the action of uric acid upon the rhombic phosphate, 
2NaO,IIO,rO^ The phosphates of lime and magnesia 
are held in solution by the acid phosphate, and to a small 
extent by chloride of sodiuiu. When the urine becomes 
plr. 3fl. alkaline they are deposited. 

482. Clinical Ezamiiiatioii of the Urine; 
The results of the chemical esamina- 
tion of this secretion cannot be said to 
be satisfactory, as far as absolute accu- 
racy is concerned, yet they afford excel- 
lent means of comparison of its general 
constitution from time to time. In many 
cases preference is to be given to the 
microscope as a means of investigation. 
The apparatus required is simple, and 
the reagents needed are few. A burette 
graduated into cubic centimetres, (Fig. 
36,) a pipette similarly graduated, some 
beaker glasses, a litre flask, some glass 
rods, small funnels and fitters, and a rea- 
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sonablj good balance with a set of gramme weights, com- 
prise the apparatus necessary. The reagents and test 
solutions required will be indicated hereafter. * 

The greatest care is required to keep the apparatus 
clean; every vessel used should be thoroughly washed 
immediately after using. To keep dust out of the burette, 
a common marble is kept on top while it is not in use. 
When reading the divisions, the eye should be on the level 
of the liquid, and care taken to read from the centre of the 
capillary meniscus or curved surface. 

The additions of the test liquid should be made very 
gradually, otherwise an excess may be used, vitiating the 
determination. 

In examining microscopically, a drop of the deposit 
formed after the urine has stood two or three hours is to 
be taken with a small pipette. In order to avoid taking 
up at the same time the supernatent liquid, the finger 
should close the pipette before the instrument is im- 
mersed ; when the bottom of the vessel is reached, the 
finger is removed until a sufficient amount of the deposit 
is taken up, then replaced. The deposit is then put upon 
the slide, and the cover dropped upon it ; any excess 
should be wiped off. Reagents, such as acetic acid, for 
distinguishing the phosphates and urates, may be applied 
at the edge of the thin glass cover, a small bit of filter 
paper being laid at the same time against the opposite 
edge. Small reagent bottles, with long, pointed glass 
stoppers, are very convenient for this purpose; but a 
pointed glass rod will answer. A solution of aniline red, 
introduced as above directed, is of great use in making 
distinct pus and white blood corpuscles and epithelial 
cells. For ordinary use, a power of 200 diameters is 

*A11 the apparatus, reagents, and normal solutions, ready prepared, can 
be obtained from Messrs. Bullock A Crenshaw, 528 Arch St., Philadelphia. 
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ample. For oxalate of lime and blood corpuscles, 250-300 
diameters will be required. 

483. The time of voiding the urine should be noted : 
whether on rising in the morning or soon after a meal ; 
after rest or exercise. The quantity voided in the twenty- 
four hours should be measured ; it will always be greater 
in cool weather, unless the patient is confined to the house. 
It is often important that a quantity, say 3ij, of the secre- 
tion first voided should be preserved separate from the 
remaining contents of the bladder, as it may contain de- 
posits from this viscus, and not due to the kidney. The 
urine should be examined, if possible, within three hours 
after passing. A portion should be set aside in a conical 
vessel, in order that any sediment may deposit. The 
urine is brought to a temperature of 60° F., and its specific 
gravity noted by the urinometer (17), or, far better, by the 
specific gravity bottle (16). 

484. Reaction. 

The reaction is tested by slips of test paper, made by 
dipping porous paper in solution of litmus, and reddening 
a portion of the slips by exposure to the vapour of acetic 
acid. If the blue paper is turned red, the reaction is acid; 
if the reddened paper is turned blue, it is alkaline. 

The relative acidity may be determined by a standard solution 
of carbonate of soda. One hundred cubic centimetres (c. c.)* 
of the urine are taken out by means of a graduated pipette, and 
put into a clean glass or porcelain vessel. To it is added grad- 
ually, from a graduated burette, a standard solution of dried car- 
bonate of soda containing 53 grammes to the litre, the reaction 
being watched. As soon as the red colour disappears, the 
amount of the solution which has run out of the burette is noted. 
The acidity is stated in grammes of oxalic acid, 53 f^rammes of 

*See Table of French Weights and Measures in the Appendix. These 
are used in this article in preference to ordinary weights and measures, as 
vastly more convenient in practice. The volumetric methods (taken 
chiefly from Sutton) are also used, because, when the standard solutions 
aro once prepared, a determination may be made in a few minutes. 
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dried carbonate of soda being equivalent to 63 of pure crystal- 
lised oxalic acid. 

If the urine be alkaline from ammonia, the blue colour 
of the reddened litmus will disappear upon the application 
of heat, and a rod dipped in muriatic acid held near the 
fluid will give rise to an unmistakable white cloud. The 
** triple phosphate " will probably be found as a deposit. 

485. Urea. The methods which have been proposed for 
the volumetric determination of urea are far from satis- 
factory. That of Leibig is circuitous, and requires con- 
siderable skill and experience in manipulation; it gives 
the creatinin and other nitrogenous constituents as urea. 
That of Davey is more simple, but has the same inac- 
curacy. A graduated glass tube, say 12 inches long and 
} in. in diameter, is filled with mercury, a measured quan- 
tity of urine, say 5 c.c, is introduced, and the tube filled 
with a strong solution of hypochlorite of soda, and in- 
verted. Nitrogen is evolved, and collects in the upper 
part of the tube. When action has ceased, the amount is 
read oflf. 25 c. c.a= 1'649 cubic inches of nitrogen is equiv- 
alent to 065 gramme equal to I grain of urea, at 60^ and 
30' barometer. Correction for temperature and pressure 
may be made by the formula given in section 53.* 

When sugar and albumen are not present, the amount 
of urea may be determined with sufficient accuracy for 
all practical purposes by Prof. Haughton's tables, of 
which Robert's abstract is herewith given. 

*Aeoording to Calvert's experiments on gelatine, albumen, silk, etc., 
the effect of the action of hypochlorons acid on nitrogenous bodies is to 
give results which are entirely too low. — Oomptea JRendiu, Aug. 1, 1870. 
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The first column gives the quantity of urine passed in 
the twenty-four hours ; at the top is its specific gravity, 
below which, and on a line with the quantity figures, is 
the number of grains of urea.* 

486. Uric acid is best detected by putting a drop of the 
sediment of the urine on a glass slide, covering this with 
a thin glass cover, and examining with the microscope, 

Fig. 37. 




Uric acid orystals (after Roberts) X 200 diametem (BiohardBon). 

using from 150 to 200 diameters. The form of the crys- 
tals is characteristic, Fig. 3T. 

48T. Urates. When in excess, the urine is highly acid, 
and on cooling deposits a sediment like brick-dust, which, 
under the microscope, is seen to consist of irregular, un- 
crystalline, or globular particles or needle-like crystals. 
They are not dissolved by acetic acid, but the uric 
acid is set free ; they are soluble in a solution of caustic 

* Da Costa on Diagnosis, p. 601. 
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potassa, and on heating the supernatent urine. These 
characteristics serve to distinguish this deposit from car- 
bonates and phosphates. 

The total amount of uric acid free and combined in urine 
may be thus determined : — To 200 c. c. of urine, 10 c. c. of 
pure muriatic acid are added. The mixture is allowed to 
stand in a cool place for 48 hours. All the uric acid pre- 
cipitates in crystals, which are collected on a very small 
filter, and washed with cold water until the washings 
cease to give a cloud with a solution of nitrate of silver, 
and weighed. If more than 30 c. c. of water is used, then 
for each additional c. c. -045 millegrammes is added to 
the uric acid found. Albumen, if present, must first be 
removed. The volumetric method for uric acid is not 
recommended. 

488. Phosphates. The earthy phosphates, that is, those 

Fig. 38. 




Triple phosphates (after Roberts) X 200 diameters (Richardson). 
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containiog lime and magnesia, are alone deposited ; the 
phosphates of soda being freely soluble. The triple, or 
ammonio-magnesian phosphate, MgO, NH4O, HO, PO5, 
is formed when the urine has become putrid. The urine 
in phosphatic deposits is never acid. The character of 
the deposit is readily recognised under the microscope, 
Fig. 38. All the phosphatic deposits are freely soluble in 
acetic acid, without effervescence. The deposit of phos- 
phates in urine which has been long kept is of no sig- 
nificance, as it may result from decomposition. The quan- 
titive determination of phosphoric acid may be thus made: 

A standard solution of nitrate of uranium* is made by dis- 
solving the crystals in distilled water. Its strength is determined 
by a solution of crystallised phosphate of soda, 50*422 grammes 
to 1 litre ; the c. c. represents 001 gramme of phosphoric acid, 
of which 50 c. c. =05 grammes of PO5. Previous to adding the 
uranium solution, 3 or 4 c. c. of ammonia are added to the phos- 
phate solution, followed by an excess of acetic acid. The addi- 
tion of the uranium solution must be made gradually, with fre- 
quent stirring, until a drop of the liquid gives a brown stain when 
placed in the centre of a larger drop of a weak solution of ferro- 
cyanide of potassium (1 to 20). The solution is then conveniently 
diluted until 10 c. c. = 1 gramme POs. Having once obtained the 
standard solution, an analysis may be made in a few minutes ; 
50 c. c. of filtered urine are put into a clean beaker ; 6 c. c. of 
ammonia added, and the precipitate redissolved by excess of acetic 
acid. The uranium solution is very gradually added to the 
warmed urine until the brown stain is obtained, as above stated. 

The proportion of the alkaline to the earthy phosphates is deter- 
mined by precipitating the latter by the addition of ammonia. 
The precipitate is carefully collected upon a filter washed with 
ammoniacal water. A hole is then made in the filter, the pre- 
cipitate washed into a clean beaker, and the filter washed with 
acetic acid. The precipitate is dissolved in acetic acid, acetate 
of ammonia added, and the determination made as before. The 
soluble phosphate will have been filtered off, and the result gives 
the quantity of the earthy phosphates (Sutton). 

489. Chlorides. — These never deposit. Their compar- 
ative quantity varies much with the food, but may be 

* The acetate of uranium gives more accurate results, but the solution 
docs Dot keep so well as that of the nitrate. 
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important in the diagnosis and prognosis of some forms 
of disease.* 

Determination, — A decinormal solution of nitrate of silver is 
prepared by dissolving 16'997 grammes of pure crystallized nitrate 
of silver in 1 litre of distilled water. Each cubic centimetre 
corresponds to 0*005846 grm. of chloride of sodium. 

Ten c. c, of urine are mixed with 1 gramme of nitrate of potassa 
in a porcelain capsule, evaporated to dryness, and gradually 
heated until the residue becomes white ; it is then dissolved in 
a small quantity of water and nearly neutralised by nitric acid. 
Three or four drops of a cold saturated solution of the yellow 
chromate of potash are then added, and the silver solution deliv- 
ered carefully from the burette. As soon as a drop produces a 
blood-red tinge, the precipitation is complete. The amount deliv- 
ered is observed, and the amount of the chlorides (calculated as 
chloride of sodium) deduced as above. 

490. Sulphates. — These are the sulphates of potassa 

and soda ; they never deposit. 

Determination, — A normal solution of chloride of barium is 
made by dissolving 122*05 grammes in a litre of pure water. 
Each c. c. corresponds to 0*05 grammes of dry sulphuric acid SOg. 
The urine, say 100 c. c, is kept at the boiling point, and the 
baryta solution added very gradually, as long as a white precip- 
itate is formed. Towards the last a few drops should be taken 
from time to time, filtered, and tested with the baryta solution, 
so as to avoid adding an excess. 

491. Oxalate of Lime, r- This is best detected by the 

Fig. 39. microscope, Fig. 39. The deposit 

is found to consist of regular 
octohedra, with sometimes dumb- 
bell shaped bodies. A power 
of 250-300 diameters is needed. 
492. Sugar. — For a qualitive 
determination, add in a test tube 
to the urine a small quantity of 
subnitrate of bismuth and a few 
drops of a solution of caustic 

Oxalate oflimeorystalfl (after potassa. On boiling, the pres- 

Koilicker)x 300 diameters. ence of sugar is shown by the 
formation of a gray or black deposit of metallic bismuth. 

32 » Da Costa on Diagnosis, 3d ed. 609. 
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Fehling's test liquid, — Take of sulphate of copper 40 grammes, 
disRolved in 160 grammes of water, add to it neutral tartrate of 

S>ta8Ba 160 grammes, solution of caustic soda s. q. 1*12 or 16° 
eaume, 560 grammes water q. s. to make 1 litre, 10 c. c. = 0*0577 
grammes of diabetic sugar. In English weight, dissolve 69 grains 
cryst. sulphate of copper in 350 grains of distilled water, and 
add 268 grains of neutral tartrate of potassa in concentrated 
solution, and the 80 grains of pure caustic soda in 3j distilled 
water. To this add enough distilled water to make 1000 minims. 
Each 100 minims = 1 gr diabetic sugar. The test liquid should 
be diluted with from 4 to 8 times its bulk of water (according to 
the first or second formula), brought to the boiling point, and the 
filtered urine diluted with ten times its bulk of water delivered 
carefully from a burette. The addition of the diluted urine causes 
a red deposit of suboxide of copper ; when this ceases to be formed, 
the quantity of urine used is to be noted, and that of the sugar 
determined from the data above given. The solution does not 
keep well, and after a time will give a deposit in the cold or on 
heating. This may be remedied by the addition of a small quan- 
tity of caustic soda. 

493. Albninen. — The urine should have an acid reaction ; 
enough acetic acid may be added for this purpose if nec- 
essary. Boil the urine in a test tube. The tube should 
be inclined over the flame, or the fluid will be forced out 
by steam generated at the bottom of the tube. Should 
it become opalescent, a few drops of nitric acid are added, 
which in the case of deposited phosphates renders the 
liquid clear. Should there be no clouding by heat, nitric 
acid may be added ; should there then be no deposit, the 
absence of albumen is shown. Other tests are used, but 
heat and nitric acid used together give a positive result. 
The source of the albumen is to be determined by subse- 
quent examination. 

Determination, — A standard solution of ferrocyanide of potas- 
sium is made by dissolving 1*3 grammes of the salt in 1 litre, of 
water. 10 c. c. equals 0*1 gramme of albumen. In grains, 13 
grains are dissolved in 10*000 of water ; 100 grains equal 1 grain 
of albumen. Process: 50 c. c. of the filtered urine are mixed 
with 50 c. c. of ordinary commercial acetic acid, and the fluid put 
into a burette. Five or six small filters are then chosen, of close 
texture, and put into as many funnels, then moistened with a few 
drops of acetic acid, and filled up with boiling water; by this 
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means the subsequent clear filtration of the mixture is consid- 
erably facilitated. 

10 c. c. of the ferrocyanide solution are then measured into a 
beaker, and 10 c. c. of the urinary fluid from the burette added, 
well shaken, and poured upon filter No. 1. 

If the fluid which passes through is bright and clear with 
yellowish colour, the rerrocyanide will be in excess, and a drop 
of the urine added to it will produce a cloudiness. 

On the other hand, if not enough ferrocyanide has been added, 
the filtrate will be turbid, and pass through very slowly ; in this 
case, frequently both the ferrocyanide and the urine will produce 
a turbidity wnen added. In testing the filtrate for excess of 
ferrocyanide, care must be taken not to add too much of the urine, 
lest the precipitate of hydroferrocyanide of albumen should dis- 
solve in the excess of albumen. 

According to the result obtained from the first filter, a second 
trial is made, increasing the quantity of urine or ferrocyanide 
half, or as much again, and so on until it is found that the solu- 
tion first shown to be in excess is reversed ; a trial of the mean 
between this quantity and the previous one will bring the esti- 
mation chosen, so that a final test may be decisive. 

Example : 50 c. c. of urine, passed by a patient suffering from 
Bright's disease, were mixed with the like quantity of acetic acid, 
and tested as follows : — 









In filtrate 




Urine. 


Ferrocyanide. 


Urine 


Ferrocyanide 
gave. 


1. 


10 C. C. 


10 c. c. 





precip. 


2. 


10 *• 


20 " 


precip. 





3. 


10 " 


15 •* 





precip. 


4. 


10 " 


17-5 " 





faintprecip. 


5. 


10 " 


18 " 






Therefore, the 10 c. c. of diluted urine = 5 c. c. of the original 
secretion, contained '18 grm albumen, or 3"6 grm per 100.* 

As the equivalent of albumen is not exactly known, this deter- 
mination is only approximate, but is sufficiently accurate for 
practical purposes. 

494. Bile. — Urine containing bile is of a dark colour. 
There may be present only the colouring matter of the 
bile, or the biliary acids may also be contained in it. 
The colourinp^ matter may be thus detected. Shake up 
in a test tube a portion of the urine with a small amount 
of chloroform. Separate the latter (which will sink) by 
means of a pipette ; allow it to evaporate spontaneously 

♦Sutton, Volumetric analysis 235. 



3T6 
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upon a white porcelain surface, add 
a drop of red nitric acid (nitroso-nitric 
acid) ; a play of colours is seen in the 
following order, — green, blue, violet, 
red, often yellow and brown. It is 
said that the colouring matter of the 
urine itself, in excess, sometimes gives a 
similar result. The urine pigment is 
detected by placing in a test tube a quan- 
tity of urine, letting trickle down the side 
of the tube strong sulphuric acid, which 
will pass to the bottom ; upon shaking it 
up, a deep purple (indigo) will be seen. 
The bile acids may be detected by 
Pettenkoffer's test (361). 



Fig. 40. 




»• 



495. Tube casts. — Blood, Pus, Mucus, 2. 

Fig. 41. 



Spermaiosos (after 
KoUioker) Rioherdson. 
1. magnified 2bQ 4lam 



ti 



60« 



« 



Epithelial scales, 
Spermatozoa, are 
all to be sought 
for in the sediment 
of the urine, and 
are detected by 
the microscope,* 
Figs. 40, 41, 42, 
43, 44. 

496. The fol- 
lowing are the 
general charac- 
ters of sediments 
as given by Da 
Costa : 

1. A liffht and Pus oorpusoles (after Da Costa). Those in the 
° lower part of the field, show the action of aoetio 

flocculent cloudy acid on the corpuscles. 

* The student will find Richardson's Hand-book of Medical Microsoopj, 
Phil. 1871, of great practical use. For the clinical value of the various 
deposits, etc., see Da Costa on Diagnosis. 
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deposit is commonly mu 

Fig. 42. 




Ltangliag epithelial cells, or 
sperm atozoids. 

2. A dense, abuD- 
dant, white deposit 
is generally com- 
posed of urates or 
phosphates ; but it 
may be pus or ex- 
traneous matter. 

3. A yellow or 
pink deposit is 
almost always due 

4. A granular or 
oiTstalline deposit, 

. ^ . ^ ■ ,■ '*'" reddish colour 

MUte Bright Bdis- 

ifter Dh Ciieta). and Small in quan- 
tity, is uric acid, 
dingy-red deposit is blood. 

497. Urinary De- 
posits and GalcalL 

Lithic or Uric 
Acid. — The sedi- 
ment is reddish ; 
the urine strongly 
acid. The powder, 
heated on platinum 
foil or mica, or 
before the blowpipe 
on charcoal, burns, 
leaving no ash : it 
is insoluble in water, 
soluble in caustic 
potaasa without 
evolution of ammo- 
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nia, and, od the addition of nitric acid, is precipitated in 
white crystals. By Fig. 44, 

the cautious addi- 
tion of nitric acid, 
and, when cold, of 
ammonia, the cbar- 
ftcteriittic purple of 
murexide is devel- 
oped. The uric 
acid calculi are the 
most common. 

Urate of Ammo- 
nia — When heated, 
behares aanric acid ; 
when disaolved by 

caustic potaSSa, H;alme or wai; cnets, with shrireUed epithe- 

AToIvpn Hmnnmin. lial obIIb and BOKUored oil dropa X «0 diameters. 

ttiuiiimiia, rj,jj^rigi,t„^jpithelia! cells from the bladder 

and then reacts as (nfter Da Coata). 

nric acid. It is soluble in boiling water, and precipitates 

again slowly on P's- ^■ 

cooling. Calculi of I 

this form are rai 

Phosphate of I 
Lime. — The calci 
are white, smooth, I 
polished, and read- [ 
ily separate into I 
layers. They are 
infusible before the 
blowpipe, and dis- I 
solve in dilute ni- f 
trie acid. On the ad- 1 
dition of ammonia, | 
a gelatinous precipi- Grannlar wita (afUr Da Costa}. 
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tate, SCaOjPOs, is formed, which may be rediasolved in 
acetic acid. To this add a drop of ferric chloride, a green- 
ish-white precipitate of ferric phosphate will be formed ; 
or add oxalate of ammonia, when a white precipitate of 
oxalate of lime will fall. 

Phosphate of Magnesia and Ammonia, Triple Phosphate, 
MgO,NH40,HO,P05. — Calculi of this composition are 
rare, but often the salt is found alternating with others. 
The urine during its deposit is alkaline, and often offen- 
sive ; an iridescent pellicle is seen on its surface. The cal- 
culi are usually colourless, and often rough and crystalline 
on the surface. Before the blowpipe it chars, exhales am- 
monia, swells, and ultimately fuses. Heated with caustic 
potassa, ammonia is evolved and magnesia precipitated; 
the latter may be redissolved by acid and tested with 
phosphate of soda and ammonia. 

Fusible Calculus, is a mixture of the last-named with 
phosphate of lime, 3CaO,P06. It is, next to uric acid, the 
most common. The urine is neutral or alkaline during its 
formation. The calculi are white, soft, and friable, resem- 
bling chalk. It readily fuses before the blowpipe, leaving 
a mixture of the tribasic phosphates of lime and magnesia. 
The latter may be detected by the methods mentioned 
above, and the presence of lime by the addition of oxalate 
of ammonia to the solution in acetic acid. 

Oxalate of Lime. Mulberry Calculus. — Oxalate-of-lime 
deposits are frequent. They are seen under the micro- 
scope in octohedral crystals, and more rarely in the dumb- 
bell form. The calculi are usually rough and of a blood- 
stained appearance; sometimes they are small and smooth, 
forming the hemp-seed calculus. Before the blowpipe they 
burn away to carbonate, and ultimately to caustic lime. 
They are soluble without effervescence in dilute nitric and 
hydrochloric acids; the solution is precipitated white by 
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unmonia. The residue, after exposure to the blowpipe 
flame, if not too hot, dissolves with effervescence in dilate 
hydrochloric acid, and is again precipitated by oxalate of 
ammonia. 

Cystin (C6H6NO4S2) boiled with caustic potassa gives 
evidence of the presence of sulphur on testing with nitro- 
prusside of sodium. 

XanthiUf €ioH4N404, dissolves in caustic potassa, and 
is reprecipitated by hydrochloric acid. When dissolved 
in nitric acid, it leaves a yellow residue on evaporation, 
which is not reddened by ammonia. The two last-named 
calculi are very rare. 
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I. WEIGHTS AND MEASUEES. 

Apothecaries' weight is used in compounding prescrip- 
tions. Its pound, lb= 12 troyounces, 3 == 96 drachms, 3 
= 5,796 grains. The scruple, Bj = 20 grains. Only the 
grain and troy ounce are used in the U. S. P. ; the latter 
contains 480 grains. 

Troy weight agrees in the pound, ounce, and grain with 
apothecaries' weight, its pennyweight, dwt. = 24 grains. 

Avoirdupois weight is the ordinary commercial weight. 
Its pound, lb = 16 oz. = 7000 grains. Its ounce contains 
437*5 grains. The grains are equal in all these standards. 
In the British Pharmacopoeia the avoirdupois pound and 
its subdivisions are used. 

One lb Troy=0-822857 lb avoirdupois =13 oz., 725 grs. 

One lb Avoirdupois=l-215227 lb troy=l lb, 2 3, 280 grs. 

For Measures of Capacity ^ the wine gallon and its 
subdivisions are used in the U. S. ; it contains 231 cubic 
inches. The British Pharmacopoeia employs the Impe- 
rial gallon of 277,274 cubic inches. The minim, n^^ of the 
former weighs 95 of a grain, of the latter -91. The former 
contains 16 fluidounces to the pint, the latter 20. Only 
the minim, fluidrachm, fluidounce, and pint are used in the 

U. S. P. 

(381) 
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Wine Measure, ( U. S. P.) 

60 minims = f^j = ni^lx = 55*9 grs. water. 
480 " = fgj = f^viii = 455-7 " 
7,680 " =0j=:f3xvi= 7,291-2 " 
61,440 " «=Congj= 0\riii =58,328-8 " 

Imperial Measure, {B. P.) 

60 minims = f^j = rri]x = 54*6 grs. water. 
480 " = f3j = f^viii = 437-5 " 
9,600 " =0j= f3xx= 8,750 " 
76,800 " =Congj= Oviii= 70,000 " 



u 
u 
it 



THE DECIMAL SYSTEM, 

Adopted in France and on the Continent, is used in this 
country in scientific research. The standard of length is 
the metre (ttj,u^V,tjtji5 ^^ ^ quadrant of the earth^s meridian), 
which is equal to 39*3685 inclies, or, roughly, about 3} feet. 
This, as well as the measures of capacity and weight, is 
increased or divided decimally. The prefixes are deca (10 
times), hecto (100 times), kilo (1000 times), and myria 
(10,000 times); deoi (j\j), centi (-y^j^), mille (ju^^^). The 
kilometre is equal to about two-thirds of a mile. 

The cubic decimetre is the unit of a capacity, and is 
called a litre, and is equal to 1*765 imperial pints, or 2* 11 35 
wine pints (the latter are used in the United States). The 
weight of 1 litre of water, at 39*10°, is called a kilogramme, 
and that of a millilitre of water a gramme= 15-434 grains. 
The kilogramme is rather less than 2^ lbs. avoirdupois. 
The metrical pound of France is half a kilogramme. One 
fluidounce equals in capacity 29*53 cubic centimetres. 
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Comparatwe Table of Decimal with Avoirdupois and 

Apothecaries^ (U. S.) Weights. 



Name. 


Equiyalent 
inGrammes. 


Equiyalent in 
Grains. 


Equivalent in 
Avoirdupois. 


Equivalent in 

Apothecaries' 

Weight, (U.S. P.) 






lb. OS. gr. 


lb. oz. dr. grs. 


Milligramme = 


•001 


•0154 






Centigramme = 


•01 


•1543 






Decigramme — 


•1 


1^5434 




1-5 


Gramme = 


1- 


15-4340 


m 


15-4 


Decagramme = 


10- 


154-3402 


Oi -45 


2 340 


Hectogramme = 


100- 


1543-4023 


3i 12152 


3 1 430 


Kilogramme* = 


1,000- 


154340234 


2 3i 12173 


2 8 1 14- 


Myriagramme = 


10,000- 


154340-2344 


22 Of 12- 


26 9 4 20- 



Comparison of Decimal Measures of Capacity with Wine 
( U, S. P.) and Imperial Measures. 

Wine Measure, 
Eng. Cubic Inches. 



Apothecaries' or Wioe 
Measure. 



Millilitre = 

Centilitre = 

Decilitre = 

Litre = 



•061028 = 16-2318 minims. 
•610280 = 2-7053 fluidrachms. 

3-3816 fluidounces. 

21 135 pints. 

2-6419 gallons. 



6-102800 = 
61-028000 = 



Decalitre = 610*280000 = 
Hectolitre = 6102*800000 
KUolitre = 61028 000000 

Imperial Measure. 

1 litre = 0-22011 galls , 088066 qts., 1-Y6133 pts. 
Store (cubic metre) = 2201 6643 galls. 



* Abbreviated, kilo. 
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II. OF INCOMPATIBLES. 

Substances which, when mixed, combine or mutually 
decompose, are said to be chemically incompatible. 

It by no means follows that the new bodies formed are 
inert, and often two substances which are incompatible 
are mixed with the object of extemporaneously forming a 
third, as HgCl and KI. At other times, poisonous com- 
pounds are formed by mixing those which are compara- 
tively inert, as HgjCl and CaO,HO, or HgjI and KI. 

The following general rules will be of use to the begin- 
ner in prescribing. 

(1) Neutral salts containing the same base or the same 
acid do not decompose each other. Thus we may mingle 
the iodide and bromides of potassium, or these with the 
chlorate of potassa; or we may prescribe tartar emetic 
with tartrate of potassa and soda. 

(2) Substances are incompatible with their tests and 
antidotes, as the very action of these depends upon 
chemical change. Thus, baryta and lead compounds with 
the soluble sulphates, tartar emetic with the vegetable 
astringents. 

(3) The free acids generally unite with the oxides and 
decompose the carbonates ; the same is true of salts hav- 
ing an acid reaction. 

(4) The alkalies and alkaline earths and their carbonates 
generally precipitate the salts of the heavy metals (243 ^ 

(5) The vegetable astringents precipitate most of the 
salts of the heavy metals, the alkaloids and alumina. 
Hence, vegetable and mineral astringents are chemically 
incompatible. 

(6) The iodides and bromides precipitate most of the 
salts of the heavy metals; the chlorides, the lead, mer 
cury, and silver salts only. 
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The following preparations should either be given alone, 
or, if combined, it should be with caution, as thej are 
readily decomposed: Lugol's, Donovan's, and Fowler's 
solutions; lime-water, solution of potassa, hydrocyanic 
and nitro-muriatic acids, tartar emetic, cyanide of potas- 
sium, acetate of zinc, nitrate of silver. 



III. ANTIDOTES OF THE MOEE COMMON 

POISONS. 

NoTB. — In all cases, the poison or its compound with the anti- 
dote should be as speedily as possible removed from the stom- 
ach, and its constitutional and local effects combated by general 
measures. 

Strong Acids, Alkaline carbonates, chalk, magnesia, 
soap, etc. 

Oxalic and Tartaric Acid and their soluble salts. Chalk, 
whitewash. 

Alkalies^ caustic and carbonated. Weak acids (vin- 
egar, lemon-juice), fixed oils. 

Baryta, Lime, and Lead Salts, The soluble sulphates 
(Epsom or Glauber ^s salt). 

Alum, Alkaline carbonates. 

,Tin Salts, Magnesia, carbonate of soda, milk. 

Zinc and Iron Salts, The alkaline carbonates, the 
vegetable astringents. 

Copper and Mercury Salts, Greasote. Albumen, milk. 

Nitrate of Silver. Common salt. 

Tartar Emetic, The vegetable astringents ; green tea. 

Chloride of Antimony. Magnesia, carbonate of soda. 

Arsenious Acid. Ferric hydrate ; magnesia. 

Fowler^ s Solution, Ferric salts. 

lodive. Boiled starch. 

Phosphorus. Magnesia (?); oil of turpentine. 
83 
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Hydrocyanic Acid, Ammonia ) chlorine by the month 
and inhaled (cautiously) ; ferric salts, followed by alkaline 
carbonates ; cold douche to the spine. 

Hepar Sulphuris. Sulphate of zinc. 

The Alkaloids f Poisonous Mushrooms, and the organic 
poisons generally. Tannic acid ; animal charcoal. 

Stings of Insects, Ammonia, locally. 

Bites of Serpents, etc, Bibron's Antidote (367); 
whiskey in large doses; cauterisation of the wound; a 
cupping-glass or suction. of the wound ; a ligature between 
the wound and the trunk ; ammoniat, locally and internally. 

Bites of Rabid Animals, dissecting wounds, pustula 
maligna. No known antidote. Use the general measures 
indicated in the last paragraph. 

Trichinias — Aqua Chlorinii (?) ; the sulphites ? 



Precantaons in Medico-Legal Examlnatioiis for Poisons. 

(1) The viscera to be examined should immediately 
upon their removal be put into clean glass vessels — new, 
if possible — and sealed; the seal is to remain unbroken 
until the vessel is opened in the laboratory. 

(2) All the tests, vessels, and implements employed in 
the investigation must be absolutely pure and clean. The 
glass and porcelain ware should be new. 

(3) No one should have access to the laboratory in the 
absence of the investigator. 
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(4) The suspected substance should be divided into 
several equal portions, and never all employed in a single 
trial. 

(5) It is important to detect, if possible, the poison as 
it was administered ; thus HgCl, not merely the presence 
of Hg. 

(6) The tests should be so employed that, if more than 
one poison be present, all may be detected. 

(7) When the poison has been administered some time 
before death, it may not be found in the stomach, and the 
other viscera must be examined. Vomited matters, etc. 
should always be examined, if they can be procured. 



IV. REACTIONS FOR PRACTICE, 

When the student is unable to work out the right-hand 
member of the following equations, he will find it by refer- 
ring to the paragraph indicated. 

To make O (181) : 

K0,C106 (heated) = 
To make H (186) : 

Zn + H0,S03=* 

Zn+HCl=: 
To make NO (201 ) : 

NH^O.NOs (heated) « 
To make NO, (203) : 

Cu3+4(HO,N06)=t 
TomakeHO,NO6(201): 

KO,N05+2(HO,SO,)= 

* The excess of water present is not regarded (186). 
f H0,N0ft is too strong for use in praetioe ; 4H0,N0i is mere a/ieurate^ 
Imt the ezoesB of water is omitted for the sake of simplicitjr. 
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To make 00, (208) : 

CaO,CO, f HO,SO,=« 

CaO,COa+HCl= 
To make HO,SO, (216), (216) : 

2(H0,S0,)+C« 

2(H0,S0,)+Cu=: 

2(HO,S03) + S« 
To make HOjSOj (approximate), (215): 

2SOa+N04= 

4(FeO,SO,+HO)=:= 
To make HS (21 1), (359): 

FeS+H0,S08= 

SbSa+3HCI= 
Hypopbosphite of lirae (221) : 

3(CaO,HO)+P4= 
Pho^horic Acid (220) : 

P3+5(HO,N06)+4HO= 
The 3 varieties of POg with AgCNOj (220) 

AgO,N06+NaO,PO,= 

2( AgCNOs) + 2NaO,P06= 

a( AgO,N06)+ 2NaO,HO,P05— 
To maKe CI (223) : 

2HC1+Mn0,= 
To make HCl (228) : 

NaCl+H0,S03= 
To make a Chlorate (226) : 

6(K0,H0) + Cle= 
To make a Hypochlorite (22t): 

2(CaO,HO)+Cl,= 
Hydriodic Acid (233) : 

I+H0HUHS= 
Hydrofluoric Acid (234) : 

CaF+H0,S03= 
Hydrocyanic Acid (236) : 

AgCy+HCl= 
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Caustic Potassa (248) : 

KO,CO,+ CaO,HO— 
Iodide of Potassium (251) : 

6(K0,H0) + I«= 
Bromide ot Potassium (252) : 

FeBr+K0,C02= 
Acetate of Potassa (259) : 

K0,C02 + HO,C4H,08= 
Carbonate of Soda (approximate) (265) : 

NaCl+H0,S03=* 

NaO,S03+C4+CaO,CO,« 
Labarraque's Solution (269) : 

CaO,C10 + CaCl -f 2(NaO,CO,)=^ 
Rochelle Salt (260): 

KO,HO,C8H40,o+NaO,CO,== 
Ammonia: (275): 

NH40,S03+CaO,HO=: 
Sesquicarbonate of Ammonia (2?8) : 

3NH4Cl+3(CaO,CO0= 
Precipitated Carbonate of Lime (288) : 

CaCl+NaO,C02= 
Chloride of Calcium (287) : 

CaO,CO,+HCl= 
Hydrated Sesquioxide of Iron (314) : 

Fe A,3S03 + 3(NH40,HO)ii 
Ferric Chloride (316): 

Fe6+9HCHHO,N05=: 
Ferrous Sulphate (321) : 

Fe+H0,S08= 
Ferric Sulphate (321) : 

6(FeO,S08)+HO,N05+3(HO,S(),)« 
Ferric Nitrate (319): 

Fe,+4(HO,N05)« 
Ferrous Carbonate (320) : 

FeO,SO,-FNaO,COa— 

38 » 
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Ferric Pyrophosphate (322) : 

3(2NaO,P06) + 2(Fe,0^3SO,) 
Subnitrate of Bismuth (343) : 

Bi+4(H0,N0fi)=« 

4(Bi03,3N05)+nHOr= 
Oxides of Mercury (363) : 

Hg2Cl+K0,H0« 

HgCl+KO,HO= 
Chlorides of Mercury (366) : 

HgO,S03+NaCl= 

Hg,0,S03+NaCl= 
Sulphate of Mercury (3tl) : 

Hg+2(H0,S0,)= 
Nitrate of Silver (3T5) : 

Ag,-h4(HO,N03)= 
Nitro-benzole into Aniline (418) : 

Ci2H5N04+He= 



7. LIST OF MINEEALS WITH THEIE CHEM- 

lOAL COMPOSITION. 

SELECTED rBOM BANA'S MINERALOOT. 

Note. — The name of a mineral is often applied to bodies of 
different but isomorphous composition. When this is the case, 
the replacing bases are written together in a parenthesis, or 
one above the other, and the formula is necessarily more or less 
indefinite. 

Sassolin, BO3+3HO. 
Heavy Spar, BaO^SOg 
Celestine, SrO,S03. 
Witherite, BaO,COa. 
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Strontianite, SrO,COa. 

Periclase, MgO. 

Brucite, MgO,HO. 

Gypsum (alabaster), CaO,S03+2HO. 

Anhydrite, CaO,S03 

Calcite (calc-spar, satin-spar, dog-tooth spar), CaOjCOj, 

Dolomite, CaO,C02 + MgO,(FeO)C02. 

Apatite, 3(3CaO,P06) + Ca(Cl,F). 

Sapphire, Corundum, Emery, AlaO^. 
Diaspore, Al203,HO. 
Gibbsite, Al203,3HO. 
Alunogen, Al208,3S03+18HO. 
Turquoise, 2(AlaOs),P06+6HO. 
Cryolite, 3NaF,2Al2F8. 

Quartz (chalcedony, camelian, onyx, sardonyx, heliotrope, 

amethyst), SiOg. 
Opal, SiOs+xHO. 
Okenite, 3CaO,4Si03+6HO. 
Datholite, 3CaO,4Si03+3(CaO,BO,)+3HO. 

Talc, 4MgO,Si03. 
Meerschaum, MgO,Si03-f HO. 
Serpentine, 9MgO,4Si03+6HO. 

Wollastonite, 3CaO,2Si03. 

Edelforsite, CaO,Si03. 

Pyroxene, 3(Ca0,Mg0,Fe0,Mn0,Zn0)2Si03. 

Hornblende, 4(CaO,MgO,FeO,MnO,ZnO,)3Si03. 

Kaolin, Ala03,Si03+2HO 

Zeolites. 

Heulandite, 3(CaO,Si03)-f 4(AlA,2Si03)+18H0. 
Stilbite, CaO,Si08+AlA,3Si03+6HO. 
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Mesotype, (NaO,CaO,) SiO,+ Al«0„SiO,+ 2H0, 
Kyanite, 3Al203,2SiO». 
Andalasite, 3AlA>2SiO,. 
Staurotide, 2(Al203,Fe,Oa)SiO,. 



Feldspar Family. 

Orthoclase, KO,SiOa+Al,Os,SiO,. 
Albite, NaO,SiOs+AlA,SiO,. 
Oligoclase, (CaO,NaO)SiO,+AlA,2SiO^ 
LabFadorite, (CaO,NaO)SiOa+Ala08,Si03. 
Petalite, 3(LiO,NaO)4Si03+ 4CAlaOs,4SiOa). 
Spodumene, 3(LiO,NaO)4SiOa+ 4(Al,Oa,2SiOa> 

Garnet, 3 ] FeO I SiOa+ {^Ifil } SiO^ 

Epidote, 3CaO,Si08+ 2(Al203,Fe A,SiOa). 
Mica, KO,Si03+4(AlA,FeA)SiOa. 
Topaz, 2(Al2F,)+6(AlA,Si03). 
Sodalite, 3NaO,Si03+3(Al203,Si03) +NaCL 

(MgO ) 
Spinel, ^ZnO ^ AI2O3. 

(FeO,MgO) 

Beryl, 3BeO,2Si03+Ala03,2SiOa. 
Cbrysoberyl, BeO,AU03. 
Zircon, Zr20s,SiOa. 



The Heavy Metak. 

Cassiterite, SnOg. 

Tin Pyrites, 2(Cu,Fe,Zn)S+SnSa. 
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5, ) 

ise, >TiO,. 
ate, ) 



Rutile, 

Anatase, 

Brookite, 

Molybdenite, M0S2. 



Sphene, 3CaO,2SiOs+3Ti08. 
Wolfram, (FeO,MnO)W08. 
Pitchblende, TJO,TJ208. 
Uranochre, U2O3. 

Uranite, I ^^^ J P05+4UA,P06+16HO. 

Antimony Glance, SbSg. 
Arsenical Antimony, SbAsj. 
Realgar, ASS2. 
Orpiment, AsSj. 

Pyrites, FeSa. 
Marcasite, PeSj. 
Magnetic Pyrites, Fe7S8 
Leucopyrrite, FeAs 
Mispickel, FeA8,FeS2. 

Specular Iron FcjOs. 

Magnetite, FeO,Fe208. 

Franklinite, (FeO,MnO,ZnO)(Fe208,Mna08). 

Chromic Iron, (FeO,MgO)Cr208. 

Brown Hematite, Fe203,3HO. 

Lepidokrokite, FejOsjELO. 

Spathic Iron, FeO,CO. 
Vivianite, 3(FeO),P05+8HO. 
Scorodite, Fe208,As06+4HO. 

Manganblende, MnS. 
Ilauerite, MnSj. 
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PjTolusite, MDO2. 
Hausmannite, MnO^MngO^ 
Braunite, MnaO,. 
Polianite, Mn02. 
Manganite, Mn2034-HO. 
Wad, MnOiMiijOsdzMnO,. 

Rhodonite, 3MnO,2SiO,. 

Millerite, NiS. 
Syepoorite, CoS 
Copper Nickel, NijAs. 
Smaltine, CoAs. 
Cobaltine, CoSj+CoAs. 

Emerald Nickel, NiO,CO,+6HO 

Blende, ZnS. 

Greenockite, CdS. 

Red Zinc Ore, ZnO. 

Electric Calamine, 3ZnO,SiO,+ liHO. 

Willemite, 3ZnO,Si08. 

Smithsonite, ZnO,C02. 

Galena, PbS. 

Clausthallite, PbSe. 

Plumbic Ochre, PbO. 

Cerusite, PbO.COj 

Anglesite, PbO,S03. 

Caledonite, (Pb0,Cu0)(S03C0,). 

Pyromorphite, 3(3PbO,P06) + PbOI 

Crocoisite, PbO,Cr08. 

Copper Glance, CuS. 

Corelline, CuSj. 

Erubescite, (CuFe)S + 3CuS + FeaSa. 
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Copper Pyrites, CuS+FeaSs. 

Domeykite, CuaAs. 
Algodonite, Cu„As. 
Whitneyitq, CuigAs, 

Red Copper, CuaO. 

Tenorite, CuO. 

Atacamite, Cu01+CuO,HO. 

Azurite, 2(OuO,C02)+CaO,HO. 
Malachite, CuO,C02+HO. 

Cinnabar, HgS. 
Calomel, Hg^Cl. 

Silver Glance, AgS. 
Pyrargyrite, 3AgS,SbSa. 
Proustite, 3AgS,AsSa. 
Horn Silver, AgCl. 



VI. GLOSSARY. 

[Where no definition is given, it will be found by referring to 
the paragraph indicated.] 

A 

Acetone. CeHgOj (406). 
AoiD. (149.) 
Acrolein. C6H40a. 

Actinism. The chemical effects of light. 
^olopile. An instrument for producing a blast by 
means of the vapour of a liquid heated in a close vessel. 
iERUoa Verdigris (330). 
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^THiops. Black sulphide of mercury 

Aerometer. Hydrometer (16). 

Alembic. A form of still, used also in sublimation. 

Alkarsin. Oxide of kakodyl. C4HeAsO (420). 

Allotropio. a modification of a body, in which its phys- 
ical but not its chemical properties differ, as phosphorus 
and red phosphorus. 

Alloy. Amalgam (242). 

Amadou. Agaric, punk. 

Amide. Amidogen, NH,. Also used as an adjective. 

Amidon. Starch. 

Amorphous. Without crystalline fonn. 

Amphigen, Amphidb. (184.) 

Analysis. (173.) 

Anhydrous. Free from water. 

Anode. The + pole of a voltaic circuit. 

Apple Oil. Valerianate of amyl oxide (415). 

Aqua Fontana. Aqua, TJ. S. P. (191). 

Aqua Fortis. Crude nitric acid. 

Aqua Phagedjbnica. Yellow wash (365). 

Aqua Reoia. Nitromuriatic acid. 

Aqua "Vmm. Brandy. 

Argentine Flowers op Antimony. (SbOj.) 

Argillaceous. Containing clay. 

Argols. Crude cream of tartar. 

Atom. The ultimate portion of an elementary body. 

Atomic Number. The specific gravity of a substance di- 
vided by its equivalent. 

Atomic Volume. The equivalent of a substance divided 
by its specific gravity. 

Atomic Weight. Equivalent (148 

Atomiser. An instrument for diffusing the spray of 
liquids (195). 

Auripigmentum. Orpiment, AsSs. 
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Austral. The southern polarity of a magnet 
Azote. Nitrogen. 
AzoTio AoiD. Nitric acid. 

B. 

Baldwin's Phosphorus. Fused CaOjNOg. 

Balsam of Sulphur. A solution of S in 01, olivas, 

Bananna Essence. (415.) 

Barilla. The ashes of sea-plants and of Salsola Soda. 

Basacigen. Amphigen (184). 

Base. A substance capable of combining with acids to 
form salts ; practically a protoxide, sesquioxide, or pro-" 
tosulphide of a metal. 

.Basic. (1) A substance having the properties of a ba^c'. 
(2) A salt containing an excess of base. 

Basyl. a term applied to the electro-positive group com- 
prising hydrogen, the metals, and the quasi metals. 

Battery. An apparatus for the accumulation of elec- 
tricity. 

Baume. The name of the inventor of a hydrometer ; it is 
applied to distinguish the degrees, which are arbitrary. 

Bestuohuf's Tincture. An ethereal solution of FcaCIs. 

BiBRON^s Antidote. (367.) 

Binary. A compound of two elements, as HO. 

Bittern. The solution remaining after extracting NaCl 
from sea-water. 

Black Ash. Impure NaO,C02. 

Black Flux. Made by deflagrating cream of tartar with 
one-half its weight of nitre ; contains carbon and KG, 

Black Lead. Plumbago, a variety of carbon. 

Black Salts. The ley of wood-ashes evaporated nearly 

to dryness. 

Black Wash. Contains suboxide of mercury, Hg,0, 

(363). 
84 
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Blbachinq Powdsr. Caloi chlorinata (291). 
Blends. Native sulphide of zinc. 
Blue MAsa Filulae Eydrargyri (364). 
Blue Ointment, dnguentum Eydrargyri (364). 
Blue Vitriol, or Bluestone. Sulphate of copper. 
Bole. Ad argillaceous earth. 
Bone Ash (218). Bone black (206). 
Borax. Biborate of soda. 
Boreal. The northern polarity of a magnet. 
Brass. An alloj of copper and zinc. 
Brimstone. Boll salphur. 
British Barilla Black ash. 
British Gum. Dextrin (38?). 
Bronze. An alloy of copper and tin. 
Brunswiok Green. Ozychloride of copper. 
Burnett's Disineeotinq Fluid. Contains ZnCl. 
Butter of Zino, Antimony, and Bismuth. Their chlop- 
ides. 

C. 

Cadet's Liquid. Alkarsin. 

Calamine. Impure, native carbonate of zinc. 

Caloareous Spar. Calcite, CaO^COg. 

Calcedont. SiOj. 

Caloination. Exposure of substances to a high heat in 
an open vessel, so that the oxygen of the air may com- 
bine with their oxidisable constituents. 

Calcined Meroury. HgO. 

Calomel. HgsCl (366). 

Camphene. Oil of turpentine. 

Canton's Phosphorus. CaS. 

Caput Mortuum. - The residue after sublimation. 

Caramel. Burned sugar. 

Carbolic Acid. Phenic acid. CuHgOjHO. 
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Catalysis. The action of a body in promoting combina- 
tion, or decomposition, by its presence, the body itself 
remaining unchanged. 

Cathode. The negative pole of a voltaic circuit. 

Chalk. An amorphous carbonate of lime, CaOjCOg. 

Chameleon Mineral. Manganate of potassa, EOjMnOa. 

Chemical Pood. (330.) 

Chloroid. The negative pole, or that connected with the 
zinc plate of a battery. 

Choke Damp. Carbonic acid. 

Chrome Green. A mixture of chrome yellow and Prus- 
sian blue ; or sesquioxide of chromium. 

Chrome Vermilion. Bichromate of lead, 2PbO,CrO,. 

Chrome Yellow. Chromate of lead, PbO,CrO.. 

Cinnabar. Native HgS. 

Citrine Ointment. Ointment of the nitrate of mercury. 

Clay. Impure silicate of alumina. 

Clay Ironstone. Contains FeO,C02. 

CoHOBATiON. Returning the distillate to the retort, and 
repeating the operation. 

COLCOTHAR. PCaOg. 

Colloids. Jelly-like bodies. See Dialysis (128). 

Colophony. Common resin, or rosin. 

Combining Weight. Equivalent. 

Condy's Solution. Contains permanganate of potassa. 

KO,Mn207. 
Common Salt. NaCl. 
Copperas. Green vitriol, Fe0,S08-f THO. 
Corrosive Sublimate. HgCl. _ 

Cream op Tartar. Bitartrate of potassa, KO,HO,T. 
Crocus op Antimony, or Crocus Metallorum. Oxysul- 

phide of antimony 
Crocus Martis. Colcothar. 
Crystals op Venus. CuO,C4Hs03+ HO. 



400 MEDIOAL 0HSMI8TBT. 

Crystalloids. See Dialysis (128). 
Cubic Nitbb. NaO,N05. 
CupELLATiON. See Analysis (173). 

D. 

Decantation, Decoction, and Displacement. (191.) 

Decrepitation. The crackling of certain salts, when 
suddenly heated. 

Deflagration. A rapid and scintillating combustion. 
It takes place in certain mixtures containing the nitrates, 
or chlorates. 

Deliquescent. A term applied to those substances which 
attract moisture from the air, and liquefy. 

Destructive Distillation. Dry distillation 

Detonation. Rapid chemical action, accompanied by 
flame and noise. 

De Valangin's Arsenical Solution. Contains AsOs in 
dilute HCl. 

Dew-point. The temperature at which the moisture of 
the air begins to deposit. 

Dialysis. (128.) 

Diamagnetic. Repelled by both poles of a magnet. 

Digestion and Displacement. (191.) 

Dimorphous. Crystallising in two distinct systems. 

Distillation. The process for separating a liquid from 
a solid or less volatile Hquid, by heating the mixed sub- 
stances, and collecting the condensed vapour. 

Donovan's Solution. Contains the iodides of arsenic 
and mercury (367). 

Dry Distillation. The process by which solid, or or- 
ganic bodies, are subjected to heat in a close vessel. 

Ductile. Capable of being drawn out into wire. 

Dutch Gold. A species of brass. 
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Dutch Liquid. C4H4CI. 

" White. Impure white lead. 

E. 

Eau De Javslle. a solution of chlorinated potassa. 

Ebullition. The bubbling of a boiling liquid. 

Educts. The proximate principles of which bodies are 
supposed to be formed. 

Effebvesoenoe. The bubbling due to the escape of gas 
from a liquid. 

Effloresoenoe. 1. A property peculiar to certain salts, 
which, exposed to the air, crumble, owing to the loss of 
a portion of their water of crystallisation. 2. The crust 
formed by the drying of certain salts upon the surface 
of bodies, in which they are not visible. 

Eljeoptane. (448.) 

Elayle; Ethylene. C4H4. 

Electrode. The pole of a voltaic circuit. 

Electrolysis. Voltaic decomposition. 

Element. A simple, undecomposable substance. 

Elixir of Vitriol. Aromatic sulphuric acid. 

Elutriation. (191.) 

Emerald Green. Schweinfurth green (356). 

Epsom Salt. MgO,SO,+THO. 

Equivalent. The proportional numbers, according to 
which, or their multiples, bodies combine. 

Eremaoausis. The slow decay of organic substances not 
containing nitrogen (380). 

Essential Oils. Volatile oils. 

Eudiometer. An instrument for ascertaining the amount 
of oxygen in a gaseous body, by introducing an excess 
of hydrogen, exploding the mixture, and noting the dimi- 
nution of volume. 
84* 
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Evaporation. Oonversion into rapojp, witboat ebul- 
lition. 

F. 

Fermentation. (396.) 

Filter. A porous substance used to separate a solid and 

liquid by allowing the latter to pass through, while the 

former is retained. 
Fire Damp. Light carbonetted hydrogen (Marsh gas) 

mixed with air. 
Fixed Air. CO2. 
Flint. SiOj. 

Flowers of Antimony. Oxide of antimony, SbO«. 
Flowers of Benzoin. Benzoic acid. 
Flowers of Sulphur. Sulphur sublimalumy U. S. P. 
Flowers of Zing. Oxide of zinc, ZnO. 
Fluorescence. The property possessed by certain bodies, 

as quinia salts, of rendering visible the dark chemical 

rays (166). 
Fluor Spar. CaF. 

Foliated Earth of Tartar. K0,C4H,08. 
Fowler's Solution. Solution of the arsenite of potassa 

(356). 
French Chalk. Silicate of magnesia. 
Fructose. Fruit sugar (392). 
Fuming Liquor op Libavius. SnCl,. 
Fusel Oil. Amylic alcohol, CioHuOa. 
Fusible Calculus. (483.) 
Fusible Metal. (342.) 
Fusion. The passage of a solid into the liquid state. 

G. 
Galena. PbS. 

Gas. An easily compressible elastic fluid. 

Glass. (304.) 
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Ola88 ov Antimony. Roasted and fused tersolpbide of 

antimonj, SbSg. 
Glass of Borax. Fused borax, NaO,2BOa. 
Glauber's Salt. NaO,SOs+10HO. 
Glonoine. Nitro-glyeerine (445). 
Glucose. Grape sugar. 
Glucoside. (395.) 
Glycoooll. Sugar of gelatin. 
Glycogene. Liver sugar. 
Golden Sulphur. (366). 
Goniqmeter. An instrument for measuring the angles of 

crystals. 
Goulard's Extract and Cerate. Contain subacetate of 

lead, 3PbO,C4H808. 
Graphinb. Carbon deposited in gas-retorts. 
Graphite. Plumbago. 
Green Vitriol. Copperas, FeO,S08+THO. 
Gypsum. CaO,S03+2HO. 

H. 

Halogen and Haloid Salt. (224.) 

Harle's Solution. Contains arsenite of soda. 

Hartshorn. Ammonia. 

Hepar Sulphuris. Liver of sulphur (249). 

Hoffmann's Anodyne. Spirit. Mther, Go, (410). 

Homberg's Pyrophyrus is made by heating potash alum 

and charcoal to ignition. 
Homologous Bodies. f384.) 
Hydracid. Hydrogen-acid. An acid consisting of a 

halogen united with hydrogen (224). 
Hydrate. A combination of water. 
Hydriodate. a salt of hydriodic acid. Is an incorrect 

term; Iodide of the metal should be used. 
Hydrometer. (17.) 
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Htgbometeb. An instrument for the determination of the 
relative amount of moisture in the air. 

I. 

Ice Yineqab. Glacial acetic acid, HO,04HsOa. 

Imponderable. Without weight ; sometimes employed to 
designate light, heat, electricity, and magnetism. 

Incandescence. The glow of a highly-heated body. 

Incineration. The reduction of a substance to ashes. 

Incompatible. Incapable of being mixed without chemi- 
cal change. 

Infusion. (191.) 

Inosite. Sugar of flesh. 

Iodic -^thbr. Iodide of sethyl, OiH^I. 

Ion. a body going to the positive (anode) or negative 
(cathode) pole of a galvanic battery during electrolysia 

Iron Pyrites. Native sulphide of iron. 

Isinglass. A variety of gelatin. 

Isomeric. Substances having the same composition, with 
different properties. (384.) 

Isomorphous. Substances having the same crystalline 
form. (245.) 

Ivory Black. Animal charcoal made by distilling ivory 
scraps ; is generally applied to bone black. 

K. 

Kelp. Ashes of sea-weeds; used as a source of iodine 

and carbonate of soda. 
Kermes' Mineral. (365.) 
Kino's Yellow. Orpiment, AsSg. 

L. 

Labarraqub's Disinfecting Liquid. Solution of chlori- 
nated soda. 
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Lao Svlphttbis. Precipitated sulphur. 

Lactin. Sugar of milk. 

Lake. A compound of alumina with an organic colouring 

matter. 
Lampblack. (206.) 

Lapis Infernalis. Lunar caustic, AgO,N06. 
Latjohinq Gas. Nitrous ojride, NO. 
Lead Water. Diluted Goulard's extract (360). 
Ledoten's Disinfecting Liquid. Solution of nitrate of 

lead. 
Levigation. The reduction of a substance to an impal- 
pable powder, by rubbing on a moist slab with a flat 

pestle, called a muller. 
Limestone. A carbonate of lime, CaO,CO,. 
Liquefaction. The conversion of a solid or a vapour 

into liquid. 
Litharge. Semivitrified oidde of lead, PbO. 
LiTHio Acid. Uric acid, C10H4N4O6. 
Liver of Sulphur. Potass, sulphuret. (249). 
LixiviATiON. The separation of the soluble portions of 

a substance by causing water to filter through it. (191.) 
Loadstone. The native magnetic oxide of iron, Fe304. 
Luool's Solution. Compound solution of iodine. 
Lunar Caustic Nitrate of silver. 
Lute. An adhesive mixture for closing the joints of 

apparatus, to prevent the escape of vapours, etc. 

M. 

Maceration. The long-K^ontinued soaking of a substance 

in water at common temperatures 
Macquer'b Salt. KO,2HO,As06. 
Magistery of Bismuth. Subnitrate. 
Magma. A molasses-like mass. 
Magnesia Alba. Magnesias carbonas. 



406 MEDIOAL 0HBM18TRY. 

Malleablb. Capable of being wrought under the ham- 
mer. 
Marble. Crystallised carbonate of lime. 
Marine Acid. Muriatic acid. 
Martial JBthiops. F8O4. 
Massicot. Protoxide of lead, PbO. 
Matrass. A glass vessel, with a long neck, used for 

digestion. 
Menstruum. A solvent. 
Meroaptan. Alcohol in which the oxygen is replaced by 

sulphur, C4H6S2. 
Metalloid. A non-metallic body. 
Metamerig Bodies. Those having the same empirical 

with different rational formula (384). 
MiCROcosMic Salt. NaO,NH40,HO,P06. 
Milk op Sulphur. Precipitated sulphur. 
Milk op Lime. Whitewash. 
Mineral Water. Water charged with carbonic acid; 

also, natural waters holding medicinal substances in 

solution (50). 
Mineral Yellow. Oxychloride of lead 
Minium. Red oxide of lead, Pb804. 
Molecule. The ultimate portion of a compound body. 
Monsel's Salt. Subsulphate of iron. 
Mountain Blue. Azurite. 
Mountain Green. Malachite. 
Mulberry Calculus. Oxalate of lime (483). 
Muriate. The compound of muriatic acid with a base. 

Properly, the chloride of the metal, except in c^se of 

the alkaloids. 
Muriated Tincture op Iron. TincL Ferri OlUarid. 
Muriatic Acid. Hydrochloric HCl. 
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Naphtha. A natural, oily carbohydrogen, CuHig. 

Nascent. Being liberated from combination (143). 

Natron. Native carbonate of soda. 

Neutral. 1. Possessing neither acid nor alkaline re- 
action. 2. Having no tendency to combine with acids 
or bases. 3. Applied to salts, where the number of 
equivalents of the acid is equal to those of the oxygen 
in the base. 

Neutral Mixture. Solution of citrate of potassa (261). 

Nitre. Saltpetre, K0,N06. 

Nitrile. a base derived from ammonia by the replace- 
ment of three equivalents of H (425). 

0. 

Obsidian. Volcanic glass. 

Ochre. A native mixture of clay and sesquioxide of iron. 

Oil of Vitriol. HOjSOg. 

Orpiment. AsSs. 

Osmose. The diffusion of liquids through porous septa 
(132). 

OxYACiDS. Oxygen acids ; acids, the electro-negative con- 
stituent of which is oxygen, as CO3. 

Oxtchloride. The combination of the chloride and oxide 
of a metal, as 2Sb03,SbCl8. 

OxTSALT. The union of an oxygen acid with a base con- 
taining oxygen, as NaO.CO^. 

OxYSULPHiDE. The combination of the oxide and sulphide 
of a metal, as 2Sb03,SbS3. 

P. 

pACKroNQ. A variety of German silver. 
Paris Green. Impure Schweinfurtli prreen. 
Particle. A minute portion of matter. 
Pearl Ash. Impure carbonate of potassa. 
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Peabl Powder. Subnitrate or oxychloride of bismuth. 

Pearson's Salt. 3NaO,A805+24HO. 

Picric Acid. Carbazotic acid (453). 

Pinchbeck. A species of brass. 

Plaster of Paris. Calcined sulphate of lime. 

Platinum, Black and Sponge. Finely divided platinum. 

Plumbagine. Carbon deposited in gas retorts. 

Plumbaoo. Native carbon. 

Potash. Impure carbonate of potassa. 

Powder of Aloaroth. Oxychloride of antimony, 2SbOs, 

SbCl3,+H0. 
Precipitate. The insoluble compound formed on mixing 

certain incompatible bodies. 
Precipitatum per se. HgO, made by direct oxidation. 
Preston Salts. Carbonate of ammonia with essential 

oils. 
Prussic Acid. Hydrocyanic acid, . Oy. 
Prussian Blue. Ferrocyanide of iron, Fe4Cfys. 
PsEUDOMORPH. A mineral body crystallised in the form 

that belongs to another mineral. 
PucEoxiDB OF Lead. PbOj. 
Purgative Mineral Water. lAq. Magnes. cUrcU. 
Putty Powder. Stannic acid, SnO,. 
Pyrites. Native sulphide of iron or copper. 
Pyro. a prefix to distinguish a body altered by heat from 

the one from which it is derived. 
Pyroligneous Acid. Impure acetic acid, obtained by the 

distillation of wood. 
Pyrophorous. a powder capable of igniting sponta- 
neously in the air. 
Pyroxilio Spirit. Wood alcohol, C2H4O, (405). 
Pyroxyline. Gun-cotton (386). 
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QuATBBNARY. A compound containing four elements. 
Quevenne's Iron. Ferrum redactum. 
Quicklime. Caustic lime, CaO. 
Quicksilver. Mercury. 

R. 

Radical Vinegar. Glacial acetic acid, HO,C4H803. 
Reagent. An agent employed as a chemical test, or in 

chemical operations. 
Realgar. Red sulphide of arsenic, ASS2. 
Red Precipitate. Red oxide of mercury, HgO. 
Red Prussiate of Potash. Ferricyanide of potassium. 

KgCfdy. 
Red Tartar. 'Argols. 
Regulus of Antimony. Metallic antimony. 
RocHELLE Salt. Tartrate of potassa and soda, KO, 

NaO,f. 
Roche and Roman Alums are varieties of potash alum. 
Rock Crystal. Quartz. 

Roman Yitriol. Sulphate of copper, CuO,S03+6HO. 
Rouge. Sesquioxide of iron ; carthamine. 
Rust. Oxide of iron ; generally, hydrated sesquioxide. 

S. 

Saccharum Saturni. Acetate of lead, PbO,C4H808. 
Sal Acetosella. Binoxalate of potassa, KO,2C203. 
Sal Aeratus. Bicarbonate of potassa, K0,H0,2C0j. 
Sal Alembroth. Double chloride of mercury and am- 
monium, NH4Cl,HgCl. 
Sal Ammoniac. Chloride of ammonium, NH4CI. 
Sal Diureticus. Acetate of potassa, KO,C4H303. 
Sal Enixum. Bisulphate of potassa, KO,HO,2S03. 
36 
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Sal Gummosum. A mixture of borax and cream of tartar. 

Sal Mirabile. Sulphate of soda, NaO,S03+ lOHO. 

Sal Perlatum. Phosphate of soda, 2NaO,HO,P05. 

Sal Prunelle. Fused nitre, KOjNOs. 

Sal Volatile. Ammonim Garhonas^ 2NH40,3C02. 

Saloqens. Salt radicals. 

Salt. The union of an acid with a base, or of a halogen 

with a metal. 
Salt Radicals. The electro-negative group: Oxygen, 

sulphur, the halogens. 
Salt of Lemons and Salt of Sorrel. Binoxalate of 

potassa, KO,2C203. 
Salt of Phosphorus. Microcosmic salt, NH40,NaO,HO, 

POs. 
Salt of Tartar. Pure carbonate of potassa, KO,COa. 
SaltpetbH:. Nitrate of potassa, K0,N06. 
Saturation. 1. The solution of a body in a liquid until 

it refuses to dissolve more. 2. The neutralisation of a 

base by an acid, or of an acid by a base. 
Sgheele's Green. Arsenite of copper, 2CuO,As08. 
ScHWEiNFURTH Green. 3(CuO,As08)+CuO,C4Ha08(356). 
Sedative Salt. Boracic acid, BO3. 
Seidlitz Powders. (260.) ^ 

Seignette's Salt. Rochelle salt, KO,NaO,T (260). 
SiMiLOR. A species of brass. 
Smalt. Glass coloured by oxide of cobalt. 
Soda Ash. Crude carbonate of soda. 
Soda Saltpetre. Nitrate of soda, NaO,N05. 
Soluble Tartar. Neutral tartrate of potassa, 2K0,T. 
Solution. The union of a solid, liquid, or gas, with a 

liquid, in which it disappears or becomes liquid. 
Speculum Metal. An alloy of copper and tin. 
Speiss. Impure, fused arsenide of nickel. 
Spelter. Commercial zinc. 
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Spirit of Hartshorn. Spirit of ammonia. 

Spirit of Mindererus. Solution of acetate of ammonia, 

NH40,C4H303. 

Spirit op Nitre. Spirit of nitrous ether. 

Spirit of Salt. Muriatic acid, HCl. 

Spirit of Wine. Alcohol, C4H6O2. 

Stearoptane. (448.) 

Sublimation. The process of separating a volatile solid 
from one more fixed, by the application of heat. The 
condensed body is called a Sublimate^ the residue 
Caput mortuum. 

Substitution. The replacement of an element or com- 
pound by another. 

Sugar of Lead. Acetate of lead, PbO,C4H80j. 

SuLPHURET. Sulphide. 

Sulphuretted Hydrogen. Hydrosulphuric acid, HS. 

Sulphuric JEther. Ether, C4H6O. 

Sulphur Acid. An acid in which sulphur is the electro- 
negative element, as HS. 

Sulphur Base. A sulphide capable of combining with a 
sulphur acid, as KS or NH4S. 

Sulphur Lotum. Washed sulphur. 

Sulphur >Salt. The union of a sulphur acid and sulphur 

base, as KS.HS. 
Sulphur Vivum. Impure sulphur, Horse Brimstone. 
SuPERCARBONATE. Bicarbonate. 

T. 

Tartar Emetic. Tartrate of antimony and potassa, KO, 

SbOgT. 
Tasteless Purging Salt. Phosphate of soda, 2NaO, 

H0,P05. 
Ternary. A compound containing three elements. 
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Thknabd's Blue. A compound of alumina and oxide of 

cobalt. 
TiNCAL. Native borax, NaO,2B08. 
Tincture. A solution in alcohol. When in ether, is called 

an Ethereal Tincture, 
ToMBAO and Ttjtenag. Species of brass. 
Trittjbation. Rubbing in a mortar. 
Tbona. Native sesquicarbonate of soda, 2NaO,3COt. 
Tubnbxtll's Blub. Ferricyanide of iron, FegCfdy. 
Tubneb's Cebate. Calamine cerate. 
Tubneb's Yellow. Oxychloride of lead, PbCl+TPbO. 
TuBPETH MiNEBAL. Ycllow sulphatc of mcrcury, 3HgO, 

SO,. 
TuTTY. Impure oxide of zinc. 

U. 

TJmbeb. a silicate of alumina, with oxides of iron, man- 
ganese, and water. 

Y. 

Vallbt's Mass. PiL Ferri carb. contain FeO,COi. 
Ybbd Antique. Precious serpentine. 
Ybbdiobis. Impure subacetate of copper. 
Yebditeb, CuO,COj+HO,CO^ 
Yebmilion. Artificial HirS. 

W. 

White Absenio. Arsenious acid, AsO,. 

White LbXd. Carbonate of lead. 

White Pbeoipitate. Chloramide of mercury, HgCl,Hg 

NH,. 
White Yitbiol. Sulphate of zinc, ZnO,SO,+THO. 
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Whitino. Prepared chalk, CaOjCOj. 

Wood Naphtha and Wood Spirit. Methyl alcohol, 

C2XI4O2. 
Wood Vinbgab. Pyroligneous acid. Impure acetic acid. 

Y. 

Yellow Peussiate op Potash. Ferrocyanide of potas- 
sium, KjCfy. 

Yellow Wash. Made by adding corrosive sublimate to 
lime water ; hydrated protoxide of mercury is formed. 

Z. 

# 

Zaffbe. Impure oxide of cobalt. 

ZiNCOiD. The positive pole of a battery ; that coimected 

with the copper or platinum plate. 

ZiNO White. Oxide of zinc, ZnO. 

Zymosis. Decomposition by example (160, 396). 
35* 
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PAOI 

AbbreyiationB, Table of. 7 

AbBorption 95-97 

Aoaoia 297 

Acid or Acids. 

Acetic, dilute 816 

glacial 814 

Acrylic 348 

Arsenic 262 

Arsenious 263 

Benzoic 319 

Bromio 169 

Butyric 316 

Carbazotic 348 

Carbolic 296-320 

Carbonic 148 

Capric, Caproic, and 

Caprylic 817-342 

Cholic and Cholalic 859 

Chlorhydric 167 

Chloric 166 

Chlorohydropeptic 368 

Chlorous 166 

Cholic 360 

ChoUdic 360 

Citric 422 

Cresylic 320 

Crotonic 348 

Cyanic 174 

Damaluric 348 

Formic 308 

Fulminic 174 

Glykocholio 360 

Hippuric 364 

Hydriodic, dilute 172 

Hydrobromic 169 

Hydrochloric 167 

Hydrocyanic 176 



FAOI 

Acid, Hydrofluoricw 172 

Hydrosulphuric 168 

Hypochloric 166 

Hypochlorous 166 

Hypogeic 343 

Hyponitric 145 

Hypophosphorous 163 

Hyposulphuric 158 

Inosic 365 

Iodic 170 

KakodyUo 268 

Lactic 305 

Laurinio 342 

Malic 323 

Margaric 342 

Metagallic 325 

Moringic 348 

Muriatic 167 

Myristic 342 

Nitric 143 

Nitromuriatic 168 

Nitrous 145 

Oleic 342 

Oxalic 150 

Palmitic 342 

Pelargonic 415 

Perchloric 166 

Periodic 170 

Permanganic 227 

Phenic 295-820 

Phosphoric 162 

Prussic 174 

Pyrogallic 324 

Pyroligneous 315 

Racemic 323 

Kicinoleic 343 

Scheele's Prussic 176 
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PAOB 

Acid, SiUcic 178 

iStearic 342 

Sulphocarbonic 159 

Sulphosaccharic 299 

Sulphuric 156 

Sulphurous 157 

Sulphjdric 158 

Tannic 323 

Tartaric 822 

Taurooholic 860 

Uric 364-370 

Valerianic 317 

Aconitia 836 

Adhesion 73-92 

Admixture 98 

Affinity, Chemical 98 

Alcohol.. 310 

Albumen 351 

Alkaloids 327 

Alkanet 349 

Alkargen 321 

Alum 222 

Alums 221 

Alumina 220 

Aluminum 220 

Ammonia. 205 

Acetate 209 

Carbonates 208 

Muriate 207 

Nitrate 209 

Phosphate 209-365 

Sulphate 209 

Sulphydrate 209 

Urate 365 

Valerianate 210 

Ammonium 204 

Chloride 207 

Ampere's theory 73 

Amygdalin 318 

Amylene 317 

Amylic Alcohol 317 

Analysis 101-117 

Volumetric 120 

Aniline 348 

Series 326 

Antidotes 385 

Antimony 269 

and Potassa, Tar- 
trate of. 272 
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Antimony, Oxide 270 

Oxysulphide 271 

Suboxide 270 

Antiseptics 140 

Antozone 128 

Aqua 183 

Ammonias 206 

Acidi Carbonici 149 

. Chlorinii 164 

Arabin 299 

Arsenic 261 

Arsenites 268 

Atmosphere 134 

Atomic Theory 104 

Atmolysis 98 

Atropia 837 

Attraction between Gases... 97 

Liquids 96 

Solids & Liquids 92 
Capillary 98 

Balsams 347 

Barium 219 

Barometer.... 135 

Baryta 219 

Bassorin 297 

Batteries, Voltaic 70 

Beaum^'s Hydrometer- 20 

Bebeerina 338 

Beer 303 

Benzole 319 

Benzine 319 

Benzonitrile 819 

Benzyl or Benzoxyl 318 

Berberina 338 

Bile 358 

Biliverdin 360 

Bismuth 258 

Blood 855 

Borax 208 

Boron 177 

Bouohardet's Antidote 329 

Brandy 304 

Bromine 1 69 

Brucia 336 

Cadmium 258 

Caffeina 889 

Calcium 210 
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Calcium, Chloride 212 

Calculi 379 

Camphor^ 347 

Capillarity 98 

Carbohydrogens 151 

Carbo ligni 147 

Carbon 146 

Carbonic Oxide 150 

Cartbamine 349 

Casein^ 853 

Cellulose 292 

Cells, galvanic. See Battery. 68 

Cements 92 

Cerate, Goulard's 259 

Turner's 250 

Cerebrin 357 

Cerium 273 

Cetrarin 296 

Charcoal, Animal 147 

Wood 147 

Chlorine 164 

Chloroform 809 

Chlorophyll 850 

Cholesterin 860 

Chondrin 855 

Chromium 243 

Cinchona 332 

Cinchona and Cinchonidia .. 334 

Cinnamyl 320 

Coal 148 

Gas 151 

Cobalt 244 

Cochineal 350 

Codeia 331 

Cohesion 87-99 

Collodion 293 

Combination 98 

by Volume 104 

Laws of 101 

Copper 245 

Alloys 245 

Arsenites 26& 

AmmouiateU 246 

Subacetate 246 

Sulphate 245 

Creosote 295 

Creta preparata 213 

Crucibles 226 

Crystallization 88 



PASS 

Crystals, Formation of. 90 

Cyanogen 173 

Cystine 66 

Daturia 837 

Decimal System 882 

Decomposition 110-115, 288 

De la Riye's Ring 74 

Delphia 338 

Deodourisers 141 

Dew 53 

Dextrine 296 

Diamagnetism 5b 

Diamond 146 

Diffusion 96-7 

Disinfectants 141 

Dover's Powder 192 

Echidnin 262 

Edulcoration 134 

Effervescing Powders 200 

Electrical Tension 58 

Electricity 54 

Animal 82 

Atmospheric 62 

Conductors of. 57 

Distribution 58 

Dynamical 58 

Effects of. 62 

Induction of. 58 

Insulators of 57 

Magnetic 80 

Medical Applica- 
tions 84 

Thermic 81 

Theories of 56 

Electro-Chemistry... 112 

Electrolyte 65 

Electro-Magnets 74 

Electrometers 58 

Electrophorus 60 

Electroscope 57 

Electrotype '. 115 

Elements 15 

Emulsin 362 

Equivalents, Table of 122 

Erythrophyllin 350 

Ethyl Alcohol 310 

Ether 812 
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PAOB 

Ethylene 151 

Eye ^ 27 

Faradization 84 

Fats 846 

Fehling's Test Liquid 874 

Fermentation 288-800 

Acetous 804 

Butyric 806 

Lactic 804 

Vinous 801 

Viscous 806 

Ferricyanogen 176 

Ferrocyanogen 176 

Fibrin 862 

Fibrinogen 868 

Fibrinoplastin 858 

Filtration 134 

Flame 161 

Fluorine 172 

Force 16 

Correlation of 85 

Electromotive 71 

Freezing Mixtures 60 

Fusel Oil 817 

Fusion 48 

Galvanism 64 

Galvanometer 73 

Gases, Specific Heat of 52 

Manipulation of 126 

Gastric Juice 857 

Gelatin 864 

Glass, Colours of. 224 

Etching on 173 

Globulin 362 

Glucose 299 

Gluten 863 

Glycerin 848 

Gold 286 

Gravitation 18 

Gum Arabic 297 

Tragacanth 297 

British 297 

Gun Cotton 298 

Hesmoglobulin 867 

Heat 81 

Chemical Effects 101 



PAQS 

Heat, Effects of. 40-62 

Latent 49 

Mechanical Equivalent 31 
Relation to Atomic 

Weight 62 

Specific 61 

Hidrach 264 

Hydrocarbons 161 

Hydrogen 128 

Hypophosphites 168 

IchthyocoUa 865 

Igasuria , 886 

Images 26 

Indestructibility 16 

Incompatibles 884 

Indigo 847 

Inertia 16 

Infusion 183 

Insolubility 116 

Inuline 296 

Iodine 169 

Iodoform 310 

Iridium 286 

Iron 228 

Ammonio Tartrate of..... 242 
and Ammonia, Sulphateof 240 
and Potassa, Tartrate of 262 
and Quinia, Citrate of... 248 
by Hydrogen or Que- 

vennes 288 

Carbonates 237 

Chloride 236 

Citrate 242 

Ferrocyanide 286 

Iodide 286 

Lactate 242 

Nitrates 287 

Phosphates 241 

Pyrophosphate 241 

Subcarbonate 288 

Sulphates 239 

Sulphide 324 

Tartrates of 242 

Kakodyl 821 

Kaolin 223 

Kreatin 855 
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Lead 256 

Acetates 259 

Carbonate 268 

Iodide 258 

Nitrate 268 

Oxide 267 

Wiiite 258 

Leguoini 358 

Lenses 25 

Leyden Jar ()1 

Liglit 21 

Chemical EflFects 108 

Lightning Rods 68 

Lignite 294 

Lime 211 

Carbonates 218 

Chloride 166-216 

Hypochlorite 215 

Hypophosphite 215 

Oxalate 373 

Phosphate 314-366 

Sulphate 214 

Liniment of Ammonia 207 

Lithium 204 

Lithia, Carbonate of. 204 

Litmus 348 

Logwood 349 

Lye, Concentrated 198 

Madder 349 

Magnesia 216 

Carbonate 217 

Citrate 218 

Sulphate 218 

Magnetism 54 

Magnetic Needle 54 

Magnetometers 76 

Magnets 64 

Manganese 226 

Black Oxide 226 

Sulphate 227 

Mariotte's Law 235 

Mass 175 

Matter..... 15 

Measures and Weights 367 

Mercury*. 273 

Chlorides 277 

Cyanide 281 

Fulminate 281 
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Mercury Iodides 279 

Oxide 276 

Sulphates 282 

Sulphide*. 277 

Metals 178 

Classification 183 

Compounds of. 182 

Microscope 28 

Milk 357 

Mordants 221 

Morphia 330 

Mycose 300 

Myosin 355 

Naphtha .'. 294 

Naphthaline 294 

Narcotina and Narcina 331 

Neurine 362 

Nickel 244 

Nicotiana 339 

Nitric Oxide 146 

Nitrogen 134 

and Oxygen 143 

Nitrous Oxide 146 

Nitrobenzole 320 

Ohm's Law ,.... 71 

Oils, Fixed. 340 

Volatile 345 

defiant Gas 151 

Osmium 286 

Ostein 354 

Oxygen..... 124 

Oxygen Acids and Bases 108 

Oxides 127 

Ozone 127 

Pancreatine 362 

Paraffin 295 

Paramorphia, Phormia 332 

Papaverina and Pseudoraor- 

phia 332 

Peat 148 

Pettenkoflfer's Test 361 

Pectin and Pectose 297 

Pepsin 358 

Phenyl 826 

Phloridzin 321 

Phosphorus 160 
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Phosphuretied Hydrogen... 163 

Photometers 22 

Picrotoxin 340 

Pilla, Blancard's 236 

Carbonate of Iron 236 

Compound Antimony. 272 

of Mercury 275 

Iodide of Iron 236 

Pinite 300 

Piperina 338 

Porcelain 226 

Potassa 186 

Acetate 193 

Carbonates 191 

Chlorate 193 

Citrate 196 

cum Calce. 212 

Hydrate 185 

Nitrate 190 

Oxalates 192 

Permanganate 227 

Sulphates 192 

Tartrates 194 

Potassium 184 

Bromide 187 

Cyanide 189 

Ferricyanide 190 

Ferrocyanide 189 

Iodide 188 

Oxide 186 

Sulphide 187 

Sulphocyanide... 190 

Prisms 25 

Proof Spirit 811 

Propylamine 326 

Protein 354 

Purpurin 344 

Putrefaction 288 

Ptyalin 368 

Pyrometers. 33 

Qualitative Tests 117 

Quantitative Tests 118 

Quinia 382 

Quinidia 334 

Quercite 300 

Quercitron 349 

Radicals, Compound 290, 306 



Ratsbane 268 

Reactions for Practice 887 

Resins 847 

Ridgewood's Disinfectant... '295 

Radiation of heat 35 

light 22 

Roget's Helix 74 

Ruhmkorff Coil 79 

Saccharum 298 

Salicyl and Salicin 320 

Sajiva 357 

Salt or Salts. 

Cake 199 

Constitution of. 180 

Epsom 218 

Glauber's 200 

Normal 181 

Saltpetre... 190 

Saponification 341 

Scheele's Prussic Acid 176 

Silicon 178 

Silica 178 

Silver 283 

Cyanide 284 

Nitrates 884 

Oxide 283 

Soaps 841 

Soda 198 

Acetate 203 

Borate 208 

Carbonates 199 

Hydrate 198 

Hypochlorite 202 

Phosphates 201 

Silicates 228 

Sulphate 200 

Sulphites 201 

Valerianate 208 

Sodium 197 

Chloride 198 

Solidification 48 

Solution 94, 96 

Specific gravity 18 

Starch 295 

Steel 230 

Strontium and Strontia 219 

Strychnia 825 

Styrone 820 
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Substitution 290 

Suderio Acid 369 

Sugar Cane 298 

Fruit and Liver 299 

Grape 299 

of Lead 259 

of Milk 299 

Sulphur 163 

and Carbon 169 

Hydrogen 158 

Oxygen 155 

Iodide 172 

Sulphocyanogen 176 

Sweat 358 

Symbols, Table of. 106, 122 

Syneptase 818 

Synthesis 101 

Syntonin 356 

Tannin 359 

Tar 294 

Tartar, Cream of 194 

Salt of. 191 

Soluble 195 

Taurine 860 

Temperature 81 

Testa 214 

Tests 118 

Thebaina 332 

Theobromina 339 

Thermometer 32 

Breguet's 41 

Tbermomultiplier 34-81 

Thermoscopes 32 

Thunderstorms...., 68 

Tin 260 

Torricellian Vacuum 135 

Tube Casts..... 877 

Turmeric 349 

Turpentine 346 



Urea. 
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PAOl 

Urea, Prof. Houghton's Table 

of Excretion 369 

Urinary Deposits 377 

Urine 361 

Clinical Examination of 365 

Vaporization 44 

Vapors, Tension'of 45 

Ventilation 142 

Veratria... 336 

Vienna Paste 212 

Vinegar 316 

Vitellin 352 

Volatility 117 

Volta's Pile 68 

Voltaic Protection of Metals 114 

"Water 129 

Density of 42 

Washing Soda 199 

Weight of Matter 16 

Weights, Atomic. 102 

and Measures 381 

Welding 92 

Wetting 92 

Whiskey 304 

Winds 139 

Wine 302 

of Antimony 272 

Port and Sherry 303 

Wood 293 

Spirit 308 

Xanthin 349,880 

Zinc 247 

Acetate.. 251 

Carbonate 250 

Chloride 249 

Oxide 248 

Sulphate 250 

Valerianate 251 



